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Abstract 
The world genera of the subtribe Gyrophaenina are revised 
and described subgenera are reviewed. 

Comparative morphological studies of adults reveal a 
great variety of characters available for taxonomic and 
phylogenetic study when gyrophaenines are examined in 
sufficient detail. Structures in the mouthparts, 
particularly the maxilla, proved especially useful. 
Illustrations of variation in structural features are 
provided. 

Gyrophaenines are inhabitants of polypore and gilled 
mushrooms, where both larvae and adults feed by scraping 
maturing spores, basidia, cystidea and hyphae from the 
hymenium surface. Known features of natural history of 
gyrophaenines are reviewed. Many of these features are 
related to unusual characteristics of mushrooms as habitats. 

The subtribe is redefined, characterized, and larval 
characteristics are reviewed. The Gyrophaenina are shown to 
be monophyletic based on structure of the maxilla and 
spermatheca. Thirteen genera (11 previously described and 
two newly described) are recognized in the subtribe: 
Gyrophaena Mann., Phanerota Casey, Eumicrota Casey, 
Encephalus Kirby, Probrachida n. gen. (type species 
Brachida modesta Sharp), Brachida Muls. and Rey, 
Agaricochara Kkr., Sternotropa Cam., Pseudoligota Cam., 
Neobrachida Cam., Adelarthra Cam., Brachycara Cam., and 


Agaricomorpha n. gen. (type species Gyrophaena 
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(Agaricochara) apachaena Seevers). 

Given for each genus are, as appropriate, synonymic 
list, diagnosis, description, discussion of nomenclatorial 
and taxonomic history, notes on natural history, general 
geographic distribution, and review of major literature. 

Based on analysis of transformation series of 47 
characters, a cladistic analysis of the genera is provided. 
The Gyrophaenina is hypothesized to be sister group to the 
subtribe Bolitocharina. Within the Gyrophaenina, three 
lineages can be recognized, arbitrarily and informally 
designated the "Brachida", "Sternotropa” and "Gyrophaena” 
lineages. The "Brachida" lineage (Probrachida, Brachida) is 
hypothesized to be sister group to all other gyrophaenines, 
and the "Sternotropa" lineage (Sternotropa, Pseudo] igota, 
Adelarthra, Agaricomorpha, Brachycara, Neobrachida, and 
probably Agaricochara) and the "Gyrophaena" lineage 
(Eumicrota, Gyrophaena, Phanerota) are hypothesized to be 
Sister groups. Cladistic relationships of Encephalus cannot 
be determined at present. 

Analysis of distribution of gyrophaenines among major 
types of host mushrooms compared with structural features in 
mouthparts and overlaid on a cladistic analysis of genera 
and analysis of major patterns of host relationships suggest 
hypotheses about major features of evolution of 
gyrophaenines. 

At least two factors have had fundamental influence on 


evolution of relationships between gyrophaenines and 
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mushrooms. First, evolution of mouthpart structures that 
allowed beetles to graze on the hymenium, rather than feed 
on fungal flesh, opened a relatively unused portion of the 
mushroom habitat. Second, general characteristics of the 
mushroom as a habitat require that members of each species 
evolutionarily optimize among conflicting requirements. 
These include: need to use every mushroom encountered, 
physiological limitations suggested by the great chemical 
and physical diversity of mushrooms, and physiological and 
competitive advantages expected from specialization. In 
resolving these conflicting requirements, gyrophaenines have 
evolved tolerance to a range of physical and chemical 
characteristics provided by mushrooms. This tolerance is 
reflected in an "acceptability spectrum" and allows members 
of a gyrophaenine species to respond to seasonal, yearly and 
geographic variation in the mushroom flora. 

Major habitat types found among mushrooms, from 
ephemeral gilled mushrooms to persistent polypores, can be 
considered to provide a series of adaptive zones for 
gyrophaenines. Increasing reliance on hymenium scraping as 
a feeding mode is reflected in changes in strucuture of the 
maxilla. Life cycle adaptations to the ephemeral nature of 
gilled mushrooms was probably involved in attainment of this 
adaptive zone. This has occurred only among members of 
Gyrophaena and Phanerota. Other gyrophaenines appear to be 


restricted to polypores or habits are not known. 
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Fig. 119. Gyrophaena nana Payk., adult; pronotum, dorsal 
OCC Listen state oye Riatevarnaeteredsterovele: «incr cree er etcisectete eletelcist «1! lcteis 459 


Fig. 120. Gyrophaena antennalis Csy., adult; pronotum, 
COnSe eee pen$te a Tver yet... sew es aleseteke ele Diets s tess» tate lane: osate 459 


Fig. 121. Gyrophaena blackwelderi Seev., adult; pronotum, 
ere EO DOC Cis icte afore afela le erases © whey ate sbsietel cisiabe tele sist tiecerere rete 459 


Fig. 122. Gyrophaena hubbardi Seev., adult; pronotum, dorsal 
Rts IO CMa ate eset e eel ote + GUeuevel at atersldiet se teivisre ¢)sterecs eueheners she isiae wisteie 461 


Fig. 123. Phanerota dissimilis (Erichson), adult; pronotum, 
iQae Se hee SS Cobar Cgc kiiy ena eieiels mo \oietelene tales oti telr te MELO.» oeps 461 


Fig. 124. Eumicrota corruscula (Erichson), adult; pronotum, 
Ric geapeer mee STIG tata tera setarcretanstelel'el ets Ce’ x isin’ a wee: st efarate. vic oc eietere acade 4a s 461 


Fig. 125. Eumicrota socia (Erichson), adult; pronotum, 
Bot recs Ch Mes PSEC ie a Tavad ese dede tebe istel se ctslets {ph oles iietevetele teens sat vetnuesereis 461 


Fig. 126. Agaricochara laevicollis Kr., adult; pronotum, 
Puce eeecte ee SCN amcleactereincais 1s Tacs veteretelslaveusiaveletere nis 0.95. vos leie/ miele: a: 8te 463 


Fig. 127. Sternotropa brevicornis Cam., adult; pronotum, 
ees APM es TEMES aos sieh x coal gtist a eietal s; simi 1s~9\ ene) aWaienaiess lake's ¥) nist¥'eanete 463 


Fig. 128. Pseudoligota varians Cam., adult; pronotum, dorsal 
PL cso anole ssfarate ablated ispdlele a0 0° 9. 018 0 6, Sere «o/s aleve mie ete ece 463 
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Fig. 129. Brachycara sp. (prob. B. crassa Sharp), adult; 
Pe crm reeClO Salt ec SGC GiWalane «vw inist as. o00e eceivielsl sie ee ele biets 463 


Fig. 130. Agaricomorpha apachaena (Seev.), adult; pronotum, 


Be Mes ar ce eS is Meta oh ent ol abel sata oh ube’ vile: wi oP ater si aces uiwislaiee: © e-elas us 463 
Fig. 131. Gyrophaena nana Payk., adult; elytra, dorsal 

RHEE (Gh MAM GIVE et soos ed oii! oye ia efor <i che elainl os) ¢- ese el oer ehere) eosie\6/ viel e.alsbe ae 6, © 465 
Fig. 132. Phanerota dissimilis (Erichson), adult; elytra, 

Be tee ee we SUBS a a eee! ee, oh rel Seat eta ve? ci ok als) ¥' plied) ode ¥ dims ae fetes ae alais 465 
Fig. 133. Eumicrota corruscula (Erichson), adult; elytra, 

Sen aces CPU SI Cm tay We ov os eh area ted Oe ot lois, one 601 sh oe. ose) 8 eile sb erevaier ee: ees 465 
Fig. 134. Encephalus zealandicus Broun, adult; elytra, 

OLS ALMA SEC ty oo a sce ivieis’s Peet de inia tec Ut dar erer es oh eae ae avatei ae. dias 465 
Fig. 135. Sternotropa elevata (Fvl.), adult; elytra, dorsal 

Raid ORC EDU evel ciatons ate Scale cvelete’ smi ihe: <0. vay stereo ed a Shere: stele ete eo alevaie 465 
Fig. 136. Pseudoligota varians Cam., adult; elytra, dorsal 

ES PCIE Mes ere et sl els wie eho lold a els PCUTie) nr oto a: a oudieiein et 4's ce) die ete erst ese a 465 
Fig. 137. Gyrophaena nana Payk., adult; wing ........cec0.% 467 
Fig. 138. Phanerota fasciata (Say), adult; wing......... 467> 


Fig. 139. Eumicrota corruscula (Erichson), adult; wing ..467 
Fig. 140. Agaricomorpha apachaena (Seev.), adult; wing ..467 


Fig. 141. Venusa sp. (subtribe Bolitocharina), adult; wing 
eeeee#eee?e#eee##eeee#s# @ Ech ane oo, heen da Meer ne ee cies eee ST acs 


Fig. 142. Gyrophaena affinis Sahlb., adult; prosternum ..469 
Fig. 143. Gyrophaena frosti Seev., adult; prosternum ....469 
Fig. 144. Phanerota fasciata (Say), adult; prosternum ...469 


Fig. 145. Eumicrota corruscula (Erichson), adult; prosternum 
eeeeeeeeeeeese34.c&5c*eeee#e#eeeekeeteseeereeee#e#e#ee*:seee#ee#ee#eeee##e#e#e#eee#ee#e?e#eeees#e#e#eeeee 469 


Fig. 146. Agaricochara laeévicollis Kr., adult; prosternum 
eoeeoeeeve#eeeeeeeeee* @¢ @ @ eoeeeeee5qeeeeee @¢ eeeeeeeee#e#e#85ereee#eeee#e#eeee#e ee 469 


Fig. 147. Sternotropa brevicornis Cam., adult; prosternum 
Fig. 148. Agaricomorpha apachaena (Seev.), adult; prosternum 
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Fig. 149. Gyrophaena nana Payk., adult; meso- and 
MEtas eT NUMe s.6.5 sul a 4s oes a wh 8s 8% Te LY he ee Piensa in 


Fig. 150. Gyrophaena blackwelderi Seev., adult; meso- and 
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Fig. 151. Phanerota fasciata (Say), adult; meso- and 
Pie ees CHUM s Go bae ob ek eG Yet Eve a ee 8°88 4 be Piack his ewe ore eet eet oe ea. 


Fig. 152. Agaricochara laevicollis Kr., adult; meso- and 
metasternum oee34o3e345+5neeseee#8goeseeeee#sesee%8teee8 ee @ en ee ie eh ee ee re 


Fig. 153. Sternotropa brevicornis Cam., adult; meso- and 
metasternum oeeeeeerereeseeegeetekeekeseteeeee#e##@ SO) ¢7 676-9 8 6.6) 6 BC) €). 8 - 0 -8..@ 6 473 


Fig. 154. Pseudoligota varians Cam., adult; meso- and 
MEERSTELMUMY eS. we. wel ra. ole se te tell a Ew Wak ciel e es «SIS 


Fig. 155. Agaricomorpha apachaena (Seev.), adult; meso- and 
IS ck SS Ec m LUM Metals ieteNel otetctetetetane clcl at Chee Cle ccs Wists ois s 6 tle eel. 43 


Fig. 156. Gyrophaena vitrina Csy., adult; setal pattern on 
metepisternume and imetepimeron®os.% . 128. es eee Te 475 


Fig. 157. Encephalus americanus Seev., adult; setal pattern 
on‘metepisternum andcmetepimeron’y...900.0. 0990.8... .475 


Fig. 158. Brachida exigua Heer., adult; setal pattern on 
NELCepiSrernumeand’ metepiméeron.-.8VVl% . Cae... Se Te a7 5 


Fig. 159. Pseudoligota varians Cam., adult; setal pattern on 
MEtepisvernim-andemetepwmeron:. Ailes os Whee te cecnsc ce c475 


Fig. 160. Agaricomorpha undescr. sp., adult; setal pattern 
on metepisternum and metepimeron .ececececccccccsese e475 


Fig. 161. Phanerota dissimilis (Erichson), hind tarsus ..475 
Fig. 162. Gyrophaena antennalis Csy., adult; tergum 10 ..477 


Fig. 163. Gyrophaena blackwelderi Seev., adult; tergum 10 
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Fig. 164. Phanerota fasciata (Say), adult; tergum 10 ....477 


Fig. 165. Phanerota dissimilis (Erichson), adult; tergum 10 
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Fig. 166. Eumicrota corruscula (Erichson), adult; tergum 10 
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Fig. 167. Encephalus zealandicus Broun, adult; tergum 10 
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Fig. 168. Probrachida geniculata (Sharp), adult; tergum 10 
Fig. 169. Agaricochara laevicollis Kr., adult; tergum 10 
Fig. 170. Sternotropa brevicornis Cam., adult; tergum 10 
Fig. 171. Sternotropa flavicornis Cam., adult; tergum 10 


Fig. 172. Pseudoligota varians Cam., adult; tergum 10 ...481 
Fig. 173. Pseudoligota affinis Cam., adult; tergum 10 ...481 


Fig. 174. Brachycara sp. (prob. B. crassa Sharp), adult; 
eran MB Meter en ie, ct igte Woh coe eke aes hel cig: ocet ohehcie) cretetere: che leek avele aa arenas 48] 


Fig. 175. Agaricomorpha apachaena (Seev.), adult; tergum 10 
Se PMURDES NeteEstst a tcista Piste eleFel slot slater rach sg eseier delelaiel erate saieieievereier sce cte ene 481 


Fig. 176. Gyrophaena nana Payk., adult female; spermatheca 
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Fig. 177. Gyrophaena blackwelderi Seev., adult female; 
aries eed eV OSC Clie et se lsectsc a! oral sx cde eveReh ene cele: e) aeadeterel see. vteteieiel asthe te. avers te 483 


aid = 178. Gyrophaena frost i Seev., adult female; spermatheca 
. eeeeerfeeesvs#k#eeeteeekeeererkeee#37nreenre39e#eer#hneeerekerte#eesee#ee oeeeee#s+5*eeee8e##eeee - 483 


Fig. 179. Phanerota fasciata (Say), adult female; 
Sie et ICC Me tse alede cries eistsis\ eteie.e a 'ehace aaabs let atatcletchalere s) steelers. ¢ 483 


Fig. 180. Phanerota (Acanthophaena) insigniventris (Cam.), 
SdULLe Tema le*—spermatheca . «alc estes sce Seart eis teheteveiate ctwaeuat 483 


Fig. 181. Eumicrota corruscula (Erichson), adult female; 
SSM MAU ST LIESG ch tie sf avcisiave lel sie iel erate evecere ole (avetetuiatereiel of cverale a cial nency. aia 483 


Fig. 182. Encephalus complicans Kirby, adult female; 
rE ae POG Mere o. A0et clubees: oh aVe la ete' che teas afdtaneds ahetedciegeteretuyeveceh viastis vara 483 


Fig. 183. Encephalus zealandicus Broun, adult female; 
Bea CC el Ms are cetasey sy eFamnce\ ator sragave cw iasa eharalkloeiaberdsats\ Ga) ie! be 7e) 6 483 


Pig. 7484. Probrach ida undescr. sp., adult female; 
Bete Che cae telco ts is. o la'etu vu, stat stint says oe] sist etes atevete te. «|mia-ctniesalalata are 485 
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Fig. 186. Agaricochara laevicollis Kr., adult female; 
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187. Sternotropa brevicornis Cam., adult female; 
Sera ae I hate Mate ate gees ot oe ar agin 14) <: G6 a ekos 0. > 4 che le esu.e aa @ weiie 485 
188. Pseudoligota varians Cam., adult female; 
BE ee ei MOR ce 5 a calle \ihefccictlalel sai aie esc a ic/e elkla ¥ alae acelenveeé 485 
189. Brachycara sp. (prob. B. crassa Sharp), adult 
eet ge Ot OUI AUNEC dial sv cres svete siete ot wnchc oo «alate wletelel vou ete belles 485 
190. Agaricomorpha apachaena (Seev.), adult female; 
PSST an (eye AE uae alin rah NR GA Anan Re ee 485 
191. Bolitochara lunulata Gyll., adult female; 

Bee ares 1 A OBIMEMERNE SS cliat el oh ye” sticks alee. @.ui'ataie dala? Acs acu, ow a) ie em arece ae 485 
192. Gyrophaena nana Payk., adult male; median lobe of 
Cees CL EPAN ED RMLONS 0's Re din: QR SP) Ger MS © nie oo ied) Wate w OOS wc: ols 487 

193. Gyrophaena antennalis Csy., adult male; median 
ee ECCS ch IG eh rer errata eruliulol eteielate dle satetsl ales oiavavchavavera) s 487 
194. Gyrophaena affinis Sahlb., adult male; median lobe 
PC Rh eT ee AC raver KN eine Tevet ele Haich a: wy atone hot eu we a chee eee 487 
195. Phanerota dissimilis (Erichson), adult male; 
medtantlobesofvaedeagus .....cacaccevce ater eta tas Cetatar es ee he 
196. Phanerota (Acanthophaena) insigniventris (Cam.), 
adult male; median lobe of aedeagus .........ce0- eect OE 
197. Eumicrota corruscula (Erichson), adult male; 
median lobe of aedeaguS ......ceevevees os GRA eal oc Meee kabere 489 
198. Eumicrota undescr. sp., adult male; median lobe of 
eG es ACh IG Seve UP maN city. chateTen. stoke ooo Ai atadels « Mikcan Sos aeameees, 24 489 
199. Encephalus complicans Kirby, adult male; median 
[open Oumecdeagusr Cau. «Paris. PALS MILES. BARAT EH. 489 
200. Encephalus americanus Seev., adult male; median 
babe ,offaedeagqusr (vii! oom. al eb abel cist «cde er chai e «Um Tu d's are 489 
201. Encephalus zealandicus Broun, adult male; median 
DUDE OLRACACAGUS eis Gusehlead. « ait ae sre Ribs dieic metabo el « Meme: Sula a: 489 
202. Probrachida modesta (Sharp), adult male; median 
LGUE OE RASSCEaAGUS! alert es Siete 5 Be ei Oe ey ten br 489 
203. Probrachida reyi (Sharp), adult male; median lobe 
Cet COSAOTS#Etty Gil « d7ctite« eels Melee acta" sags elelalace « Mia Ges ST ae 491 
204. Brachida exigua Heer., adult male; median lobe of 
aedeagus ....... Ss RSMPGRG Ele 4 Seeker alg te 40 Michal a ah abate Wee peabe ai ane 491 
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Fig. 205. Brachida africana Bernh., adult male; median lobe 
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Fig. 206. Brachida sublaevipennis Cam., adult male: median 
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Fig. 207. Agaricochara laevicollis Kr., adult male; median 
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Fig. 208. Sternotropa nigra Cam., adult male; median lobe of 
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Fig. 209. Sternotropa elevata (Fvl.)., adult male; median 
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Fig. 210. Pseudoligota varians Cam., adult male; median lobe 
of aedeagus, A) lateral aspect, B) dorsal aspect ....493 


Fig. 211. Pseudoligota affinis Cam., adult male: median lobe 
ee eet PIS Uh, a oils te Fee He vote He Ao ee Hatha Fo Ye hades Mo We belle Ms 5G No fe Wo Mita ai r0 Vo ve Hae Ya abe 493 


Fig. 212. Adelarthra barbari Cam., adult male; median lobe 
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Fig. 213. Brachycara brevicornis Sharp, adult male; median 
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Fig. 214. Agaricomorpha apachaena (Seev.), adult male; 
median lobe of aedeagus ..........0.. stata be tafe te Be te Fate ve 1g kote Oo ke 495 


Fig. 215. Agaricomorpha undescr. sp., adult male; median 
lobe of aedeagus, A) lateral aspect, B) dorsal aspect 
Fig. 216. Gyrophaeéna nana Payk., adult male; parameres of 
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Fig. 217. Gyrophaena frosti Seev., adult male; parameres of 
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Fig. 218. Phanerota dissimilis (Erichson), adult male; 
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Fig. 219. Eumicrota corruscula (Erichson), adult male; 
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Fig. 220. Encephalus complicans Kirby, adult male; parameres 
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Fig. 221. Encephalus americanus Seev., adult male; parameres 
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Fig. 222. Probrachida modesta (Sharp), adult male; parameres 
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223. Probrachida reyi (Sharp), adult male; parameres of 
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224. Probrachida sparsa (Sharp), adult male; parameres 
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225. Brachida exigua Heer., adult male; parameres of 
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231. Adelarthra barbari Cam., dorsal aspect of body 
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233. Gyrophaena nana Payk., adult; right maxilla, apex 
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235. Eumicrota corruscula (Erichson), adult; right 
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236. Agaricomorpha apachaena (Seev.), adult; left 
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237. Brachycara sp. (prob.B. crassa Sharp), adult; 
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238. Bolitochara Junulata Gyll., adult; left maxilla, 
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239. Bolitochara Iunulata Gyll., adult; apex of galea. 
SEMeM orednanit. SEM) ht 2c0. SRG ASA ote Sieis oes vs a siwtece 509 
240. Gyrophaena nana Payk., larva, instar 3; maxilla, 
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Fig. 241. Gyrophaena nana Payk., larva, instar 3; maxilla, 


outer apical aspect of mala showing leaf-like scale. 
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Fig. 242. Agaricomorpha apachaena (Seev.), larva, instar 
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Fig. 243. Brachycara sp. (prob. B. crassa Sharp), larva, 
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Fig. 244. Agaricomorpha apachaena (Seev.), larva, instar 


SEM 
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apical aspect of tergum 8 showing brush-like seta. SEM 
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Fig. 245. Gyrophaena nana Payk., adult; metepsternum and 
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Fig. 246. Gyrophaena gilvicollis Csy., adult; metepsternum 
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Fig. 247. Eumicrota corruscula (Erichson), adult; 

mesensternumsandsmetepimeron atSEMe, 2D. Git tarect. pers Sit 
Fig. 248. Agaricomorpha apachaena (Seev.), adult; 

MeLTepsrernim and=metepimeron.. SEM 124.4 s'ce wees 66 cee ey 
Fig. 249. Brachycara sp. (prob. B. crassa Sharp), adult; 

Mereperercivm and:.metepimeron .. SEM’ G0 s,s /slere/ele c<-s.cle. eee Sits 
Fig. 250. Brachycara sp. (prob. B. crassa Sharp), adult; 

ventral aspect, mesosternum and metasternum. SEM ....511 
Fig. 251. Hypothesized cladistic relationships between 

Subtribes Bolitocharina and Gyrophaenina ............ 513 
Fig. 252. Hypothesized cladistic relationships among 

Probrachida, Brachida and all other Gyrophaenina, 

Peer SOME LE oie ie 5 ira Joke Seine abeinie’ ois veratalecane ere mete ote autetA ites: shee: 
Fig. 253. Hypothesized cladistic relationships among 

Probrachida, Brachida and all other Gyrophaenina, 
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Fig. 254. Hypothesized cladistic relationships between 

"Sternotropa" and "Gyrophaena" lineageS ........eeee0. 519 
Pave sbis Hypothesized cladistic relationships among members 

Prt ieee SLernocrond . LINEAGE cst. sls cterace.e os shstntnic-sie-uvoteceinrs B2A 
Fig. 256. Possible cladistic relationships of 

Adelarthra Cam. A) Hypothesis I. B) Hypothesis II. 
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257. Possible cladistic relationships of 
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258. Hypothesized cladistic relationships among members 
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259. Hypothesized cladistic relationships of 
Agaricochara Kr.,if hypothesized to be a member of the 
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260. Summary of hypothesized cladistic relationships 
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261. Transformation series in maxillary structure among 


members of subtribe Bolitocharina and Gyrophaenina ..533 


262. Maxillary forms among members of subtribes 
Bolitocharina and Gyrophaenina superimposed on a 
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263. Schematic diagram illustrating how differences in 


available mushroom flora might overlap different parts 
of the "acceptability spectrum" of members of a 
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Lek pevera Introduction to the Gyrophaenina 

The Gyrophaenina are a subtribe of beetles in the huge, 
very incompletely known staphylinid subfamily Aleocharinae. 
As recognized in this revision, the subtribe is composed of 
13 genera, within which have been described more than 500 
species. This appears to be only a small portion of the 
extant species. More than 100 species occur in the 
relatively well known fauna of America north of Mexico 
alone, and about 20% of these are undescribed. Gyrophaenine 
faunas of tropical areas are inadequately known, and 
experience indicates that the group is very diverse there. 
Most described species have been placed in the heterogeneous 
genus Gyrophaena Mannerheim. 

Most gyrophaenines are rather parallel-sided and more 
or less dorso-ventrally depressed. However, body forms are 
varied, including markedly robust (members of Encephalus 
Kraatz) and sub-limuloid forms (members of Brachycara 
Sharp). Generally, gyrophaenines are small to very small 
beetles. Size of adults is from over 3.0 mm to only 0.6 mm 
in length. Most are between 1.2 and 2.3 mm long. 

Members of Ca onaenans are obligate inhabitants of 
fresh mushrooms as larvae and adults. They live on both 
polypore and gilled mushrooms. Adults appear on mushrooms 


soon after the gills are exposed or the hymenium area 
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becomes active, and both larvae and adults occupy more 
mature mushrooms. Gyrophaenines inhabit only fresh 
mushrooms and are uSually among the first insects to appear 
on them. 

A wide variety of staphylinids live on mushrooms. 
Most, however, are probably predaceous on other organisms 
Weiehecccturrthere;sor, at) mostecare facultatively 
mycophagous. Gyrophaenines are unusual among staphylinids 
in that they are exclusively mycophagous as both larvae and 
adults. Additionally, gyrophaenines are unusual among 
mycophagous insects in that they are adapted to feed on the 
active spore-producing layer of mushrooms, in contrast to 
the more usual habit of burrowing into the flesh. 

Gyrophaenines can be both abundant and locally diverse. 
I have collected more than 700 adults representing 13 
species from a Single fruiting body of Amanita verna (Lam. 
ex Fr.). While such large numbers of individuals per 
mushroom are exceptional, it is not unusual to collect tens 
of individuals per fruiting body. Hundreds of gyrophaenines 
can usually be collected on a brief collecting excursion 
whenever mushrooms are common. In addition, local diversity 
may be very high. Within a single small woodlot in the Blue 
Ridge Mountains of: North Carolina, I have collected 35 
species in a single season. 

The subtribe Gyrophaenina has not been clearly 
delimited or described in detail. For this reason, the 


genera which have been assigned to the subtribe comprise a 
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very heterogenous assemblage. Genera have not been 
adequately described and illustrations of structural 
features have usually not been provided. All of this has 
resulted in confusion about generic limits and assignments. 
When I became interested in host relationships of 

gyrophaenines in collaboration with J.F. Cornell, it soon 
became apparent that little understanding of evolution of 
host relationships could be developed until the systematics 
of the group was more clearly understood. Therefore, when 


opportunity arose, this study was initiated. 


1.2 Objectives of this Study 

In this study, I treat in detail the systematics and 
evolution of the genera of the subtribe Gyrophaenina and 
review the described subgenera. I demonstrate that the 
Gyrophaenina form a monophyletic group and assign 
appropriate genera to it. I describe in detail and provide 
keys for identification of all genera. I provide a 
detailed discussion of known character systems and provide 
analysis of polarity of transformation series. Using this 
information, I develop initial hypotheses about cladistic 
relationships among gyrophaenine genera. Finally, by 
superimposing ane natural history information, in 
particular host relationships, on cladistic analysis, I make 
first hypotheses about major features in evolution of 


gyrophaenines and how characteristics of mushrooms as 
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habitats have affected patterns and processes of evolution 
of gyrophaenines. 

This revision is intended to provide a base and 
stimulus for further research on gyrophaenines. I Suspect 
many of the systematic and evolutionary conclusions reached 
here will require modification after the group becomes 
better known. 

This revision is not primarily a study of host 
relationships and natural history of gyrophaenines. 

However, an understanding of gyrophaenine evolution requires 
consideration of natural history and host relationships. 
Within the limitations of this study, the treatment of host 
relationships cannot be exhaustive. General features of 
host relationships are discussed and initial hypotheses 
about origin and nature of host relationships are developed. 
I hope this discussion will stimulate more detailed studies 
of host relationships and evolution of this particularly 


interesting group of beetles. 
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2. Materials and Methods 


2.1 Materials 

This revision is based on examination of more than 
15,000 adult specimens of more than 350 described and many 
undescribed species. Specimens representing all genera, and 
type material of type species of most genera included in 
this treatment were examined. In addition, for comparative 
information, specimens of both closely and more distantly 
related aleocharines were examined in detail. 

I have collected gyrophaenines thoughout America north 
of Mexico, particularly in the Southeast, Southwest and Gulf 
States, and in Mexico and much of Canada. I have examined 
type material, and specimens of described and undescribed 
gyrophaenines from all geographic regions during visits to 
the British Museum (Natural History), Canadian National 
Collection, Field Museum of Natural History, and United 
States National Museum. I have received on loan type and 
non-type material from the British Museum, Field Museum of 
Natural History, Museum of Comparative Zoology, and the 
personal collections of J.F. Cornell and J.H. Frank. Of 
particular note is a very excellent collection of Mexican 
and Central American gyrophaenines loaned to me by 
A.E. Newton of the Museum of Comparative Zoology. I have 


received gifts of Central and South American gyrophaenines 
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2.2 Methods 


2.2.1 Collection and Preservation of Specimens 


Zremigie COLLECtion 

The most convenient method of collecting gyrophaenines 
from mushrooms is simply to remove a mushroom from the 
substrate and shake it sharply over a white enameled pan. 
Adult gyrophaenines will fall from the mushroom and may be 
aspirated and transferred to preserving medium. Many larvae 
cling to the mushroom and must be searched for between the 
gills or on the pore surface or in cracks and crevasses of 
polypore mushrooms. Larvae may also be removed from the 
fruiting body by dropping the entire mushroom into 70% 
alcohol. Larvae will quickly leave the mushroom. Because 
of the large quantity of alcohol required, the method is 
seldom practical except for very small fruiting bodies. 

Many adults and larvae of species which occur on 
polypores, particularly resupinate polypores on logs, take 
refuge in cracks and crevasses at the base of the fruiting 
body or under flakes of bark near the mushroom. These areas 
Should be examined for gyrophaenines. 

OccaSionally, gyrophaenines may be collected from leaf 
litter or under Tee especially at times when mushrooms are 
uncommon. However, this is not a reliable way to collect 
gyrophaenines, although members of some species 


(e.g.,Encephalus spp., Probrachida spp. and Brachida spp.) 
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are apparently most commonly collected in moldy litter. 

Gyrophaenines are diurnal and therefore only a few 
adults are found in light trap samples. 

It is wise to collect large series of gyrophaenines — in 
particular, all the individuals found on a mushroom or group 
of mushrooms — even if all individuals appear or are 
expected to represent the same species. Many samples yield 
a few specimens of rare or uncommonly collected species 
mixed with a large number of a more common species. Also, 
in many samples, a number of species are represented among 
the specimens from a single mushroom, although members of 
one species predominate. 

There are two reasons for keeping specimens collected 
from each species of mushroom separate. First, in 
practical terms, this greatly facilitates sorting. Because 
of the host affinities of gyrophaenines, the number of 
Similar species which must be distinguished within such a 
mixed series is greatly reduced in comparison to a mixed 
series from all available mushrooms in an area. A mixture 
of gyrophaenines from all mushrooms encountered on a 
collecting trip may contain 20 or more species, many 
represented by a large number of individuals, and many of 
them very similar in external structure. Sorting such a 
mixture can be very arduous. In particular, association of 
females with males is very uncertain in many samples. 
Second, only material in» which individuals from each species 


of mushroom are kept separate can supply data about host 
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associations. 

Study of host relationships of gyrophaenines is of 
particular interest, and host information should always be 
collected. Specimens with host identified to species are 
most valuable. Although confident identification of most 
mushrooms is very difficult for the non-specialist, this 
Should not deter a collector from recording whatever 
information can be obtained under the circumstances. Host 
identification to genus can be very useful. Even such 
information as "ex brown-spored gilled mushroom", "ex fleshy 
polypore", or "ex gilled mushroom on log" is useful at some 
levels of analysis. 

In studies of host relationships of gyrophaenines, all 
specimens encountered on a particular mushroom or group of 
mushrooms of the same species should be collected. Not only 
may a number of species be encountered on a particular 
mushroom, but relative number of individuals of each 
gyrophaenine species is also of prime importance. 

It is desirable to make a voucher collection of 
mushrooms from which gyrophaenines are collected. Sucha 
voucher collection is almost essential for serious and 
detailed studies of host relationships of gyrophaenines. 
Methods and equipment required for collecting mushrooms are 
described in a number of popular and semi-popular books 
about mushrooms (e.g.,Smith and Smith 1973; Krieger 1967). 

Collection of information to answer more detailed and 


specific questions about host relationships requires more 
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meticulous and complex methods of sampling and handling of 


material and host information. 


2.2.1.2 Killing and Preservation 

Gyrophaenines are best killed and preserved in 70% 
ethanol with a few drops of acetic acid added to each vial. 
The problem of hardening of specimens killed in alcohol is 
somewhat alleviated by the acetic acid. 

Despite the inconvenience of hardened specimens, 
collection and storage in fluid has a number of advantages. 
Sorting of mixed collections of these small beetles is 
greatly facilitated. Manipulation of specimens to view 
diagnostic characters and direct comparison of similar 
Specimens is much easier in fluid than with dried specimens. 
The optical properties of fluid make it much easier to 
distinguish subtle differences in punctation, sculpture and 
proportion which are obscured by reflections, distortion or 
setation in dried specimens. Many gyrophaenines have quite 
thin integuments which are subject to distortion upon 
drying. Proportions and diagnostic characters of many dried 
specimens are obscured or altered, making identification of 
a mixed series difficult. Storage in fluid allows one to 
conveniently keep and maintain long series of gyrophaenines. 
If a traditional collection of dried specimens is desired, a 
few specimens of each series may be mounted on points or 


cards. 
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Gyrophaenines are small, rather delicate-bodied 
insects, and collection into typical sawdust tubes with 
ethyl acetate results in many distorted or damaged 
Specimens, especially if they are not removed promptly. 
Damage can be eliminated to some extent by using filter 
paper rather than sawdust as an absorbent medium. 

A long series of gyrophaenines should not be stored dry 
in gelatin capsules as is done by some workers. Damage to 
Specimens under these conditions is virtually assured even 


if they are packed carefully. 


2.2.2 Dissection Techniques 

Confident identification of gyrophaenines requires 
examination of male genital capsules. This requires 
digestion or maceration of the muscles around the genital 
capsule and subsequent dissection of the beetle for removal 
of this capsule. 

Dried material should first be softened by washing in 
warm distilled water, then transferred to cold 10% potassium 
hydroxide (KOH) for clearing. Fluid preserved material 
should be handled similarly after being first rinsed in 
distilled water. After an entire beetle has been cleared in 
10% KOH for 1 to 3 hours, depending on size, it should be 
washed several times in distilled water then transferred to 
distilled water for dissection. 

It 1S most convenient to remove the aedeagus from 


inside the abdomen. This is easily done by inserting a fine 
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needle into the membrane between abdominal segments 6 and 7. 
Teasing of this membrane allows separation of abdominal 
segments 7 to 10 with the enclosed genital capsule from the 
remainder of the abdomen. The genital capsule can now be 
removed through the proximal end of abdominal segment 7 with 
the aid of a very fine needle with a small hook at the tip 
and a pair of fine forceps. 

One or both parameres should be removed from the 
genital capsule to provide a clear view of the lateral 
aspect of the median lobe. 

With fresh material or material which is suitably soft, 
it iS possible to dissect the genital capsule without 
clearing the entire beetle in KOH. Under these 
circumstances, identification is greatly speeded and one 
avoids the one of clearing and subsequent distortion of a 
valuable specimen. However, because of strong muscles 
between the abdominal segments and muscles associated with 
the genitalia, damage to the beetle and aedeagus is more 
likely under these conditions. Therefore, dissection of 
uncleared material should be avoided except under special 
circumstances. 

An alternative procedure is to remove the apical 
abdominal segments from specimens softened in distilled 
water as described above, and transfer these with the 
included genital capsule to KOH for clearing. Again, 
however, attempting to remove abdominal segments from 


uncleared material commonly results in considerable damage 
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to the abdomen. This should be avoided if possible. As 
pointed out by Seevers (1951), it is a good practice to 
habitually place one or several males from each series into 
KOH for clearing. 

Because most aleocharines are small, detailed study of 
character systems requires specialized handling. A 
multitude of character systems is available for analysis 
when these small beetles are examined in adequate detail 
(see Section 3.1.1). 

The procedure I use for preparation of a specimen for 
detailed examination is the following. 1) Wash and sonicate 
the specimen thoroughly in distilled water to which a few 
drops of a mild liquid detergent have been added. Remove 
the soapy residue by washing in distilled water. 2) Clear 
the specimen 3 to 5 hours in cold concentrated KOH. Cold 
KOH, while slower, seems to cause less deformation than hot 
KOH. 3) Wash in several changes of distilled water to which 
a few drops of acetic acid have been added. Subsequent 
handling of the specimen is determined by the examination 
method anticipated. If one is planning to make permanent 
slide mounts for study, the specimen may now be transferred 
to 70% ethanol for dissection. 4) For reasons stated below, 
I prefer to examine’ Specimens in glycerine. Transfer to 
glycerine must be made with care to avoid distortion or the 
Specimen. I prefer to transfer the specimen to a mixture of 
4% glycerine in 10% ethanol-distilled water. For very 


delicate specimens it is helpful to first make small 
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pinpricks in the membrane behind the head, at the base of 
the metathorax, and near the tip of the abdomen. 

The specimen should be transferred to the 4% glycerine 
solution in a wide-mouthed container such as a watch glass. 
The glycerine is concentrated by allowing water and ethanol 
to evaporate from the solution at room temperature, with 
addition of 4% glycerine as the fluid level aropseemaAtter 2 
to 3 such additions the solution is allowed to evaporate as 
far as possible. The specimen is now ready to be 
transferred to concentrated glycerine ona depression slide 
for dissection. 

Several fine minuten pins mounted on thin wooden 
handles plus one or more pairs of very fine pointed forceps 
are useful for careful dissection of these small insects. 

The mouthparts should be removed for examination. This 
is best effected by inserting a fine needle laterally 
beneath the mentum through the membrane at the base of the 
maxillary cardo. Pressure on this point results in 
separation of the labium, and often one or both maxillae, 
from the head capsule. This exposes the bases of the 
mandibles and labrum for easy subsequent removal. 

Abdominal segments 7 to 10 should be separated from the 
remainder of the abdomen as described above, and the genital 
capsule of males or spermatheca of females removed. 

Additional dissection depends on the needs of the 
investigator. Removal of legs, antennae, wings and 


separation of the major body regions is often useful. 
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Because genital capsules of gyrophaenines have 
relatively uniform internal structure, dissections of this 
Structure were not performed in this investigation. 

However, in many groups of aleocharines, internal structure 
of the aedeagus is very complex and study of these character 
Systems would probably prove rewarding. Sawada (1972) 
offers techniques for dissection and study of internal 


structure of the genital capsule. 


2.2.3 Detailed Examination 

Detailed examination of the specimen plus dissected 
parts is conveniently done in a drop of glycerine on a 
depression slide at magnifications ranging from 100 to 400~x 
(depending on working distance of the objective lens). 
Working with material in glycerine rather than on prepared 
and permanent slides has a number of advantages. Because of 
the complex three-dimensional structure of many of the parts 
examined, and the very low depth of field at high 
magnifications, complex structures may be difficult to 
interpret in light microscopy. Materials in glycerine 
mounts are eaSily oriented to view other aspects of the same 
structure, providing additional information about the 
relationships of the structural components. It also allows 
reorientation to observe the widest possible range of 
characters in the same specimen. 

Dissected material in glycerine is conveniently stored 


in glycerine in microvials pinned through the cork and 
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handled as regular pinned material. Structural components 
are eaSily extracted from the microvial and placed in a drop 
of glycerine for re-examination or observation of a newly 
discovered character system. Also, dissected material 
stored in glycerine in microvials requires no specialized 
storage techniques, and is less likely to be separated from 
the main body of a collection or misplaced, as happens with 
many permanent slide mounts. 

I prefer to place the main body of the specimen in one 
microvial, and all dissected components in another, pinned 
beneath it. This greatly facilitates relocation of any 
required parts. All parts removed from gyrophaenines 
should be stored in transparent glass microvials rather than 
the semitransparent plastic microvials used by many workers. 
Many dissected parts of gyrophaenines are less than 0.1 mm 
in length, and must be located within the microvial under 
magnification before they can be removed for examination. 
Semitransparent vials preclude this and parts may be lost. 

Examination of very small structures such as structure 
and position of sensilla requires higher magnifications 
(often oil immersion) than is possible with glycerine 
mounts, because of the very short working distances of very 
high magnification objectives. Material mounted on 
permanent slides is best for examination of these character 
systems. 

Subsequent storage depends on the original source, 


degree of dissection, and future deposition of the specimen. 
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The body of a beetle may be mounted on a card or point and 
dissected parts in a microvial pinned beneath the beetle. 
Both beetle and dissected parts may be placed in glycerine 
in microvials pinned through the cork, or mounted on a 
permanent slide, or transferred to alcohol and stored with 
the remainder of the series of the same species. 

Mounting a genital capsule dry in a drop of glue should 
be avoided. Because of the small size and thin integument 
of these Structures, unacceptable distortion occurs on 
drying. 

Gyrophaenines in particular and aleocharines in general 
are ideal subjects for examination with the scanning 
electron microscope. Though small, they are amazingly 
complex in detailed structure, especially mouthparts. Under 
these circumstances, the unique capabilities of the SEM are 
displayed to the best advantage. However, I recommend that 
time be taken to become thoroughly familiar with the fine 
Structure of a beetle using light transmission microscopy 
before going to the SEM. This reduces the probability that 
SEM photomicrographs will be used to illustrate diagnostic 
features which are more clearly illustrated by a drawing. 
This also avoids confusion in orientation at magnifications 
possible with the SEM and allows more productive use of 


expensive SEM time. 
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2.2.4 Sex Determination 

Males of most gyrophaenine species display secondary 
sexual characteristics — particularly on tergum 8 — while 
females of most species lack such modifications. Therefore, 
for most species, examination of a specimen for secondary 
sexual modifications is sufficient to determine its sex. 
However, both sexes of a few species have strikingly 
different secondary sexual modifications, while specimens of 
both sexes of other species lack external modifications. 

Male gyrophaenines, and males of all other 
aleocharines, are recognized by presence of a tenth sternum 
which is lacking from females. Sternum 10 is difficult to 
see in many dried specimens because of telescoping of the 
abdomen or distortion on drying. However, presence or 
absence of this sternite remains the only means of 
distinguishing sexes by external examination of those 
species in which secondary sexual characteristics are 


lacking or similar in both sexes. 
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2.2.5 Measurements 

Standardization of measurements is important for study 
of any group, particularly so for study of aleocharines, 
because body proportions are useful as both taxonomic and 
phylogenetic characters, 

Staphylinids in general, and aleocharines in 
particular, offer a number of problems for accurate 
measurement. Thin integument and flexible body of many 
Staphylinids result in distortion upon drying, telescoping 
of the abdomen, and flexure of body parts into unusual 
positions. 

It is important that a part being measured be oriented 
so that it is as flat in the plane of the measuring device 
as possible. Also, specimens should be chosen which show as 
little distortion due to collecting, preservation or 
preparation processes as possible. Accuracy of measurement 
igs vital. Depending on subtlety of differences measured, 
and size of parts in relation to accuracy of the measurement 
apparatus, differences can be masked or falsely implied by 
mismeasurement by the width of a grid or reticule line. 

This source of error makes it difficult to quantify, for 
example, small differences in relative lengths and widths of 
antennomeres which are distinguishable visually. 

To reduce this error, the most extreme edge of a 
structure being measured should be oriented so that it 
appears just in contact with the inner edge of the measuring 


line. This seems to be a less ambiguous position for 
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measurement than trying to orient the edge of the structure 


to the middle of the measurement line. Extrapolations 


between measurement lines should be made as accurately as 


possible. 


Measurements and ratios used in this study are 


described and justified below. 


- 


Total Length (T.L.) — Total length has typically been 


one of the most ambiguous and difficult of major 
measurements of the adult staphylinid body, because of 
relative mobility of the body. The head, prothorax, and 
particularly the abdomen may be flexed into quite 
different planes, or segments may be telescoped into one 
another — a particular problem for abdominal segments of 
dried specimens. Various conventions for making 
unambiguous measurements have been suggested. In this 
study, I use distance from anterior margin of the labrum 
to apex of abdomen. The most useful range is that 
suggested by Herman (1972), and is taken by measuring 
the shortest and most contracted specimen, and the 
longest and most distended specimen. 

Head Length (H.L.) — Head length is measured along the 
midline from the most anterior margin of the clypeus to 
base of head, not including the slightly sclerotized 
broadly triangular area at the base of the head. 

Head Width (H.W.) — This is the greatest width at the 
point at which the tempora contact the posterior margin 


of the eye. This differs from traditional measurements 
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of head width in that it does not include the eyes. 
This measurement provides a more meaningful comparison 
to head length than the more inclusive measurement. 
Head Width to Length Ratio (H.W.:H.L.) — This ratio 
provides a measurement of the relative transversality of 
the head. 
Eye Size (E.S.) — Eye size is expressed as a ratio of 
total length of eye from its anterior to posterior 
margin compared to total head length. This ratio 
measures amount of lateral margin of the head which is 
occupied by the eyes, and is discussed more BULLY ein 
SeUmiones. 15175; 

An alternative measure of eye size, not used here, 
1S greatest width of head including eyes compared to the 
interocular distance. This is an indication of relative 


protrusion of the eyes. 


Pronotum Width (P.W.) — Greatest width in dorsal 
aspect. 


Pronotum Length (P.L.) —Length of pronotum from 


anterior margin to posterior margin along midline. For 
Specimens with posterior margin of pronotum incised 
medially, the length is distance from anterior margin to 
an imaginary line tangent to the most posterior points 
on the posterior margin. 


Pronotum Width to Length Ratio (P.W.:P.L.) — This ratio 


reflects relative transversality of the pronotum. 


Elytra Length (E.L.) — Distance along suture from 


a se oe 
a 


a Aids! ow fe) aS Gh ses a 


sate 


1g aete}-) a aise 


hue 


lieaie 


an 


posterior margin of scutellum to an imaginary line 
tangent to posterior margins of elytra. (Construction 
of this line is necessary because, in some specimens, 
the lateral angle is more posterior than the sutural 
angle of the elytron.) 


Elytra Width (E.W.) — Greatest transverse distance 


across both elytra when in normal repose. 


Elytra Width to Length Ratio (E.W.:E.L.) — This ratio 


describes the relative transversality of the elytra. 
Elytra Length to Pronotum Length Ratio (E.L.:P.L.) — 
This ratio is very useful descriptively since it 
compares the relationship between lengths of two 
Structures which contribute markedly to the overall 
habitus of the beetle. 
Mesosternal Process to Isthmus to Metasternal Process 
Ratio (Ms.P.:I:Mt.P) — As discussed most recently by 
Seevers (1978) (see also Section 3.1.1.14), there are 
well defined meso- and metasternal processes extending 
between the mesocoxae. Length of the mesosternal 
process is measured from an imaginary transverse line 
tangent to anterior margins of mesocoxae to the most 
posterior apex of the process. The length of the 
metasternal process is measured from an imaginary 
transverse line tangent to the posterior margins of the 
mesocoxae to the most anterior apex of the process. 

In many aleocharines, these processes do not meet, 


and are separated by an anterior extension of the 
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metasternum dorsal to the metasternal process, called 
the "isthmus". In gyrophaenines, the meso- and 
metasternal processes meet, and length of the isthmus is 
thus 0. Therefore, description of the intercoxal 
Structures will be given as the ratio "length of 
mesosternal process to length of metasteral process” 


(Ms.P.:Mt.P.). 


222.6 lilustrations 

Line drawings of structural features were made with the 
aid of a drawing tube, with Varimag Zoom attachment, ona 
Wild M-20 compound microscope, at magnifications from 50 to 
650 diameters depending on the structure and detail 
required. Scale lines are included although relative sizes 
of structures are not here considered taxonomically or 
phylogenetically important characters. Drawings were 
compared to the structure after inking to verify accuracy. 

Scanning electron micrographs were made with two 
different instruments. Figures 238-244 were obtained with a 
Cambridge S-4 Stereoscan SEM, while Figures 233-237, 245-250 
were made with a Cambridge Stereoscan 250. 

Illustrations are arranged in the following order at 
the end of the text: 1) drawings of structural features 
illustrating states of taxonomically or phylogenetically 
important characters; 2) diagrams and figures referred to in 
discussions of phylogenetic analysis; and 3) diagrams and 


figures referred to in discussion of evolutionary trends. 
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Distribution maps are not provided since this revision 
1S concerned only with superspecific taxa. Instead, 


distributions are given in the text. 


2.2.7 Descriptive Format 

Each description of a generic-level taxon provides 
reference to the original publication of the valid name of 
the taxon in the form in which it was first published, and 
the original publication of each junior Synonym in its 
Original form. 

A diagnosis of each genus is given, which provides more 
information than the key about useful recognition 
characteristics. Generic determinations based on the key 
should be verified by reference to the diagnosis. 

Following the generic description, a brief survey of 
the nomenclatorial and taxonomic history of the genus is 
provided. This is followed by a discussion of important 
characters for delimitation and limits of the genus. Where 
appropriate, a discussion of important or particularly 
complex structural variation is provided, along with a 
Suggestion of character systems likely to be useful for 
Species recognition and diagnosis, and character systems 
expected to be useful for phylogenetic analysis of species 
Or species-group assemblages within the genus. 

A brief review of the general natural history (e.g., 
habits and general host trends) of each genus is provided 


whenever such information is available. References to major 
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literature discussing natural history or habits of members 
of each genus are given, followed by references to any 
descriptions or information about immature Stages of members 
of that genus. 

General distribution of members of the genus and major 
descriptive and revisionary literature is reviewed. 

Though I have examined specimens (often type material) 
of about 80% of the described species of gyrophaenines, 
because of the large number of described Species, the amount 
of synonymy and homonymy involved, difficulty of making 
accurate generic assignments based on superficial 
examination, and the systematic work needed within the 
heterogenous group of species now included in Gyrophaena, it 
is premature to attempt a detailed reassignment of species 
to appropriate genera. I have, therefore, included only 
lists of described species placed in new combination under 
newly described genera. Lists of described species of 
Qyrophaenines are available in a variety of catalogues such 
as Fenyes (1918), Bernhauer and Scheerpeltz (1926), 
Scheerpeltz (1934), Blackwelder (1943), Seevers (1978), 
appropriate parts of Zoological Record, and major literature 


discussed under each generic discussion. 
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3. Systematics 


3.1 Structure, Development, and Way of Life 


3.1.1 Comparative Morphology 


Soe det introduction 

Character systems on which most taxonomic research 
within the Aleocharinae have been based were essentially 
established by Erichson (1839-49) and were later extended 
and more firmly entrenched by Gangelbauer (1895). Since 
these important studies, taxonomic research among higher 
taxa within the Aleocharinae has been based on number of 
articles of the tarsi, maxillary palpi, labial palpi and 
antennae of adult beetles. Many of these structures are 
small and difficult to see in dried specimens. Many 
characters previously used diagnostically at lower taxonomic 
levels are qualitative and difficult to describe accurately, 
or they vary in unexpected and undescribed ways. Also, 
almost all studies suffer from lack of adequate 
illustrations. 

Few character systems generally used for systematic 
research within the Aleocharinae have been studied 
comparatively. Thus, extent of variation in character 
Systems, and implications of that variation for taxonomic 
reliability and phylogenetic analysis are unknown or, at 


best, inadequately understood. 
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This lack of detailed comparative structural studies 
within the aleocharines, coupled with the small size of most 
adults and large number of valid taxa, has combined to make 
this the most inadequately understood large group within the 
Coleoptera. In fact, the complexity of the group and small 
Size of its members have left many taxonomists with the 
impression that members of the Aleocharinae as a whole 
exhibit a basic uniformity of structure and lack character 
Systems Suitable for serious analytical study. Even Lars 
Brundin, after several excellent studies on athetine 
aleocharines, abandoned the group for study of the 
Chironomidae because of presumed lack and limited 
understanding of character systems (Brundin, 1972, p.72). 
Much of this erroneous.opinion has resulted from use of 
traditional equipment and techniques. Examination of 
aleocharines using techniques more suited to their small 
Size (see Section 2.2), yields a great variety of structural 
features for comparative morphological study at all 
taxonomic levels. 

Although limited, the first major attempt at a general 
comparative description of members of the Aleocharinae was 
provided by Fenyes (1918) in the introduction to his 
monograph on the aleocharine genera of the world. 

Detailed comparative structural analyses were provided 
by Brundin (1942, 1944, 1954 and others) for general 
characteristics of several athetine groups, with 


particularly comprehensive discussions of characters 
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available on the male copulatory organs. Hoeg (1945) 
discussed variation and taxonomic usefulness of distribution 
of setae and bristles on the thorax of adult athetine 
aleocharines. However, the precedent set by the 
comprehensive discussions of Brundin and Hoeg has been 
followed by few subsequent workers. 

Recently, a number of workers has begun to recognize 
advantages provided by more detailed study of comparative 
morphology within the aleocharines. Two monographs by 
Seevers (1957, 1965) about termitophilous and myrmecophilous 
Staphilinids, the majority of which are aleocharines, stand 
out among their contemporary papers by virtue of analysis of 
Structural variation in the included groups, and the more 
convincing taxonomic and phylogenetic conclusions these 
analyses allowed. Hammond (1975) discussed a number of 
seldom used character systems in classification and 
phylogenetic analysis of the aleocharine tribes Gymnusini 
and Deinopsini. Seevers (1978) provides a general 
discussion of systems useful for characterization of genera 
and tribes. Seevers concentrated on characteristics of male 
genitalia, and gave a far less comprehensive discussion of 
variation in such important character systems as mouthparts, 
although he recognized the importance of these structures 
(tye 4 ee 

Of particular importance in comparative study within 
the Aleocharinae are recent works by Sawada (1970, 1972). 


These studies, in addition to providing a comprehensive 
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analysis of general structural variation among aleocharines, 
are the first attempts to provide a firm base for 
comparative study of the large number of useful structural 
characters found in the mouthparts of aleocharines. 
Character systems discussed in Sawada's papers have been 
used effectively in studies of the difficult athetine 
complex of genera and species by Sawada (1974, 1977) and 
Yosii and Sawada (1976). 

In this section I introduce structural features of 
members of the subtribe Gyrophaenina, provide a general 
discussion of how these features vary within the group, and 
point out the extensive variety of structural features 
available for comparative study of gyrophaenines. 

The studies mentioned above, especially those of 
Sawada, along with my own comparative morphological research 


within the aleocharines, form the basis for this discussion. 


3.1.1.2 General Characteristics 

The wide variety of basic habitus types found within 
the Gyrophaenina makes it difficult to give a general 
description of a gyrophaenine. Body builds range from very 
robust (specimens of Brachycara and Encephalus) to slender 
elongate (Gryophaena (Phenogyra) gracilis (Seev.)); broadly 
Oval in outline (specimens of Encephalus), to parallel-sided 
(many species of Gyrophaena, Phanerota, Eumicrota and 
Others), to sublimuloid (specimens of some Sternotropa, 


Brachycara, Adelarthra and some Pseudoligota); and dorso- 
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ventrally flattened (most Gyrophaena and others) to broadly 
oval in cross section (specimens of most robust species). 

The basic body outline of most Specimens is reflected 
in proportions of the anterior part of the body. Species in 
which members are parallel-sided to elongate have moderately 
transverse to subquadrate pronota. In contrast, specimens 
of species which are more or less limuloid have a moderately 
to markedly transverse head and pronotum, associated with a 
relatively wide elytral base. The effect is to make them 
look relatively "broad-shouldered". In specimens of most of 
these sublimuloid species, the abdomen tapers uniformly from 
the base of the elytra to the apex of the abdomen. 

In general vestiture, the body varies from uniformly 
covered with short microsetae (e.g., many species of 
Sternotropa), to microsetae moderately reduced (e.g., many 
Species of Gyrophaena), to nearly bare of microsetae Veisg 2, 
Adelarthra). The general appearance of some species is very 
much affected by enlargement of some macrosetae on the 
thorax, elytra and/or abdomen (as in specimens of Adelarthra 
barbari). Conversely, macrosetae of some Species are very 
small and virtually impossible to distinguish from 
microsetae, except in slide preparations (e.g., some 
Sternotropa, Pseudoligota, and Agaricomorpha) . 

The eyes are very large and prominent in members of 
Phanerota. No species of gyrophaenine have substantially 


reduced or absent eyes. 
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Antennae are very long (as long as the head, pronotum 
and elytra together), with antennomeres 5-10 elongate (e.g., 
members of the Gyrophaena pulchella species group) to quite 
short (only slightly longer than the head and pronotum 
together) with antennomeres 5-10 transverse (e.g., members 
of most species of Eumicrota). 

Body color shows considerable variation within the 
Qyrophaenines. Members of most species associated with 
polypores tend to be uniformly dark brown, Piceous or black 
(e.g., Agaricomorpha, Eumicrota, Sternotropa and 
Pseudoligota). Gyrophaenines associated with gilled fungi 
vary considerably more in color, from uniformly dark 
(Gyrophaena wisconsinica (Seev.)), to uniformly light 
(Gyrophaena compacta Seev.). Contrasting colors are 
relatively common. A striking example of color contrast is 
exhibited by specimens of Phanerota fasciata Say, in which 
rufo-flavate ground color contrasts with black head, black 
outer apical third of elytra, and darkly clouded abdominal 
terga 6 and 7. Members of numerous other species exhibit 
Similar, though less markedly contrasting, color patterns. 

Size also differs considerably among species. Members 
of one to the largest species, Gyrophaena vitrina Casey, 
reach a length of 3.5 mm. In contrast, members of some 
undescribed species of neotropical Eumicrota are as small as 
0.6 mm. Adults of many species of Eumicrota, Pseudo] igota 
and Gyrophaena are 1.0 mm or less in length. These small 


gyrophaenines are among the smallest beetles known 
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(exclusive of many ptiliid adults). Specimens of the 
majority of species of gyrophaenines are between 1.2 and 


2.3 mm in length. 


3.1.1.3 Microsculpture 

The most common microsculpture among gyrophaenines is 
an isodiametric mesh with polygonal sections of cuticle 
delimited by sharply defined channels between the polygons. 
The most frequent modification of this basic pattern is a 
Shallowing of channels so that the polygon edges are 
indistinctly delimited. Continuation of this trend results 
in complete loss of the channels between the polygons 
Producing a smooth, strongly shining cuticular surface. 

Cuticular areas exhibiting these types of 
microsculpture are termed "reticulate" with polygons sharply 
defined; "obsoletely reticulate" with polygons indistinctly 
defined by shallow channels; and "smooth" with polygons 
absent (Seevers, 1951). These states of microsculpture 
grade evenly into one another, and it is difficult of assign 
the pattern found in many beetles to one or another of these 
categories. 

In the most generalized condition, isodiametric 
polygonal microsculpture is uniform over the entire body. 
Loss and re ccanne of microsculpture is common and has 
occurred numerous times independently within the 
gyrophaenines. Modification of microsculpture is not 


uniform over the body of many beetles. For example, in 
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Specimens of Gyrophaena fuscicol]lis Seev., the surface of 
the pronotum is obsoletely reticulate to smooth, while the 
surface of the rest of the body is reticulate. 
Microsculpture is lost from the entire body surface of some 
adults producing a uniformly markedly shining integument 
(e.g., Gyrophaena vitrina Casey). 

The state of reticulation on various body surfaces is 
useful for recognition of some Species. However, degree of 
loss of microsculpture varies among individuals. For 
example, microsculpture on head surfaces of specimens of 
Phanerota fasciata varies from smooth to obsoletely 
reticulate. 

Other types of modification of the isodiametric pattern 
are uncommon. In members of some robust species of 
Gyrophaena (e.g., G. arrowi Bernh.) from South America and 
Africa, meshes of pronotal surfaces are markedly transverse. 

Faint to marked V-shaped pairs of ridges terminating 
distally in a seta appear to be modifications of typical 
polygonal microsculpture. These types of structures are 
associated with the setae on tergum 10 in specimens of 
Sternotropa and Brachycara (Figures 171, 174) and on the 
abdomen of specimens of Adelarthra barbari. 

Some types of carina found in gyrophaenines may be 
modifications of microsculpture. In some specimens of 
Gyrophaena, carinae associated with the setose area on the 
metepisternum (Figures 245, 246) follow the edge of the 


polygons. These carinae may result from thickening of the 
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34 
edges of polygons to produce a continuous ridge. In some 
Gyrophaena termination of the secondary neck carina near the 
gula seems to have arisen in a similar way. 

Among gyrophaenines, I have not observed microsculpture 
modified to produce markedly scaly or pointed microsculpture 
as described in species of pericaline lebiine carabids by 
Bammnto 75) Nor have I seen examples of meshes terminating 
in micropoints as described in gymnusine aleocharines by 
Hammond (1975). 

Other types of integumental surfaces are found among 
gyrophaenines, and, though distinct from the isodiametric 
System of microsculpture discussed above, these 
modifications are small, present over a more or less 
Substantial portion of the body, and affect the physical 
appearance of the integument. Therefore, these types of 
integumental modification ,discussed below, are considered 
as microsculpture. 

A common integumental modification is development of 
small point-like elevations usually associated with setal 
insertions. The surface of the integument is raised into a 
small point with the seta inserted apically. Such small 
elevations are called "asperities". Numerous and closely 
arranged asperities, a condition termed "aperitely 
punctate", give the surface a rough, granular or dull, 
appearance. Asperities may occur in any area where setae 
occur, and are densest in areas where setae are most 


numerous. Insertions of both microsetae and macrosetae may 
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be aSperite. Asperities are found throughout the setose 
areaS on a beetle, or are limited to one or more loosely 
delimited areas. They are commonly limited to, or more 
prominent on, the outer angles of the elytra. 

Simple point-like asperities are modified in a number 
of ways, generally as an enlargement of the asperity to form 
a distinct mound, or, in more extreme examples, a spine with 
a seta at the end. Usually, this spine is elongated in the 
antero-posterior plane of the beetle. Under these 
circumstances the asperity is a short, low ridge or carina 
with the highest point most distal. These modified 
asperities are densely packed together as in the asperite 
apical angles of the elytra of Gyrophaena sculptipennis 
Casey, or widely separated and distinct as in the small 
Carinae on tergum 7 of members of the Gyrophaena nana 
species group. Spines and carinae resulting from 
modifications of asperities are quite prominent in some 
adults. These more prominent modifications are commonly 
associated with secondary sexual characteristics, 


particularly in male specimens. 


3.1.1.4 Setation 

Setal patterns on the body of gyrophaenines are 
arranged in two Aeiee in which setae differ in prominence, 
permanence and characteristic types of modifications. The 
body of gyrophaenines is covered with a general vestiture of 


"microsetae". In the most generalized condition, this 
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System consists of a uniform covering of short, densely 
arranged setae. Modifications of microsetae involve changes 
in the shape and size of setae or changes in the number and 
density on body surfaces, and general reduction of setae on 
one Or more body parts. No particular setae or patches of 
setae in this group appear to be stable under modification. 

Scattered among the microsetae are longer, darker, 
macrosetae with a relatively fixed position and orientation. 
Individual macrosetae have a permanence in location and 
expression not characteristic of microsetae. Modification 
of macrosetae is by enhancement, GEQuct On On Loss: 
Microsetae: Arrangement and orientation of microsetae, 
particularly on pronota and elytra, provide a number of 
characteristics for classification of aleocharines. These 
patterns have been used for classification of European 
aleocharines, especially athetines, since Brundin (1942, 
1944 and others) and Hoeg (1944) described and emphasized 
the usefulness of these pattens in generic level 
classification. However, they have not been used for 
classification of the North American aleocharines previous 
to Seevers (1978) who described and provided illustrations 
of the microsetal patterns on the pronota and elytra of 
these beetles. 

Among gyrophaenines, pronotal setae are directed caudad 
and more or less parallel, or are directed caudad and 
latero-caudad, usually radiating from a mid-apical point 


(Patterns A and B of Seevers, 1978). Because of lack of 
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variability in this basic pattern, microsetal orientation 
and distribution have relatively little use in generic level 
classification of gyrophaenines. 

The generalized condition among gyrophaenines appears 
to be a uniform body covering of short, densely arranged 
microsetae. Modification of the generalized condition 
includes changes in length and structure of setae, and/or 
reduction, enhancement of setae on, Or loss from, one or 
more body regions. These modifications will be discussed 
more completely under discussion of the appropriate body 
region. 

Macrosetae: Most macrosetae are longer, darker and more 
conspicuous than microsetae. However, in specimens of some 
Qyrophaenines it is very difficult to distinguish between 
the two groups. In those instances in which macrosetae are 
difficult to recognize, it is often possible to distinguish 
them in slide preparations by differences in orientation 
from the more numerous microsetae. 

Because of the greater constancy in location and 
expression of macrosetae (in comparison to microsetae), 
presence, absence, and degree of development of individual 
macrosetae are very useful characters at both inter- and 
intrageneric taxonomic levels. Variation in macrosetal 
characters is described under discussion of character 


Systems in the appropriate body region. 


vl 
ova » oe 


(Sada it iow 7 


; 7 io OF 
alee aa one cade 


sagmodis mada 2 


evyseres..s 


ee 
‘a 


38 


oe. 141.5" Head 

A number of character systems on the heads of 
gyrophaenines is available for use at various taxonomic 
levels. Commonly, states of these character systems form a 
continuum and make precise determination of character states 
difficult or impossible. Therefore, standardization of 
measurements is important. Measurements used for head 
dimensions in this study are described in Section mee 

Generally, a gyrophaenine head is prognathous, that is, 
the head is in the plane of the body with mouthparts 
directed anteriorly. However, in some Species of 
Sternotropa, Agaricomorpha, Brachycara and Encephalus, head 
are more or less deflexed and hypognathous. Also, species 
of Brachycara and Adelarthra are unusual among gyrophaenines 
in that the base of the head is covered by the anterior 
margin of the pronotum 

Basic shape of the head is determined by variation in 
at least three independently varying dimensions. These 
are width:length ratio, size and position of eyes, and 
length and shape of temporal region. The width:length ratio 
is a measure of relative transversality of the head. Among 
gyrophaenines, are species with quite transverse heads 
(Adelarthra barbari, W:L=1.7) to those with the head longer 
than wide (Gyrophaena gracilis, W:L=0.8, Figure 8). Most 
Specimens of Sternotropa (Figure 17), Agaricomorpha 
(Figure 20) and Brachycara (Figure 19) have relatively 


transverse heads. In constrast, most species of Gyrophaena 
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(Figures 9-11), Phanerota (Figure 12) and Eumicrota (Figure 
14) have heads which are only a little wider than long. 
Specimens of the strictula group of Gyrophaena (Seevers, 
1951) (=subgenus Phenogyra) have the most quadrate heads 
among the gyrophaenines. 

Position of eyes in gyrophaenines is generally lateral. 
However, in specimens of Adelarthra barbari , Brachycara 
species (Figure 19), and many species of Sternotropa and 
Agaricomorpha eyes are relatively far forward on the head 
and are directed more or less forward. 

Eye Size is difficult to estimate. Seevers (1978, 
p.23) compared the length of eyes to distance of an eye from 
base of head. This appears to be an unsatisfactory 
comparison because two independent variables, eye size and 
length of temporal region, are being compared. In this 
method of comparison, absolute eye size can remain the same, 
and relative eye size vary by change in development of the 
temporal region among species. Because all proportions of 
the head may vary independently, the comparison which most 
consistently reflects relative eye size (and thus overall 
contribution of eyes to appearance of the head) is length of 
eyes in relation to total head length, and is used in this 
Study. Comparison of eye size to total head length suffers 
from an error factor similar to that of comparing eye length 
to temporal length, that is, head length may vary 
independently of eye size. However, head length does not 


vary to the extremes that development of tempora does among 
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gyrophaenines. Also, the effect of eye size on head shape 
and habitus of an insect in general seems to be mostly an 
intuitive comparison of eye size to total head Size. A more 
absolute comparison of eye size may be possible by comparing 
the eye to some unrelated structure on the same beetle, such 
as the scape of the antenna. However, this comparison 
suffers from the same deficiencies unless it can be shown 
that the structure being compared with eye size varies only 
- with overall size of the beetle. 

In most gyrophaenine species, eye length is about 
half, or slightly less than half, head length, though 
variability is great. The smallest eyes relative to head 
length are those of members of Adelarthra barbari, species 
of Brachycara (Figure 19), and some species of 
Agaricomorpha. The largest eyes are found in members of the 
genus Phanerota. Eyes in specimens of this genus are among 
the largest in relation to size of beetle known among 
aleocharines. Eyes of members of Phanerota occupy almost 
the entire lateral margins of the head (Figures 12, 13). 

The temporal region of the head varies considerably 
among gyrophaenines. Specimens of most species have a 
relatively well developed temporal region, with the head 
curved broadly behind the eyes to the base of the neck. In 
Specimens of some species (e.g., Adelarthra barbari, and 
some species of Gyrophaena, Figure 7), the sides of the head 
capsule converge from behind the eyes to the base of the 


head. In some species (e.g., Gyrophaena strictula), the 
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head is quite quadrate with the base more or less angulate. 
Because of the very large size of the eyes, specimens of 
Phanerota have a very short temporal region. 

Setation of the head 

The dorsal surface of the head of gQyrophaenines has a 
number of microsetae on it. These microsetae are short, 
stiff, numerous and densely arranged (members of 
Agaricomorpha, Figure 20; Eumicrota, Figure 14; and others). 
numerous, long and silky (Probrachida, Brachida), long and 
Scattered (most Gyrophaena species, Figures 7-11), or 
numerous and very fine (Brachycara species, Figure 19). 
Structure and distribution of microsetae on the head of 
gyrophaenines seems to have undergone modification 
independently a number of times. Probably, presence of 
numerous short, stiff, closely spaced setae is the ancestral 
State. Reduction in number of setae and modification to 
produce longer or finer setae has occurred a number of 
times. 

Macrosetae are absent from the heads of most 
gyrophaenines. However, there are a few notable exceptions. 
Heads of specimens of many species of Brachida (e.g., 

B. exigua, Figure 15) have a pair of macrosetae medially on 
the vertex. A very few species of Gyrophaena (e.g., 

G. egena Casey, Figure 10) have a pair of macrosetae in a 
Similar location. It is not clear whether these macrosetae 
are homologous in specimens of those genera where they 


occur. Also, distribution of these macrosetae gives no clue 
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about whether their presence is a derived or ancestral 
character state within the gyrophaenines. 

In addition to this pair of medial macrosetae, many 
members of the subgenus Acanthophaena of Phanerota have two 
macrosetae on each side of the head medial to the eyes 
(Figure 13). Since no similar macrosetae are known among 
other gyrophaenines, these must be considered uniquely 
derived within Acanthophaena, probably by modification of 
microsetae. 

Ventral surface of head 

All known gyrophaenines have an infraorbital carina 
(postgenal carina of Seevers, 1978). Seevers (1951) 
believed the large eyes of members of Phanerota crowded out 
the infraorbital carina so that members of this group lack 
this structure. However, he was incorrect. The large eyes 
of Phanerota species do indeed impinge on the infraorbital 
Carinae, but they are present along the inner margin of the 
eye. Development of the infraorbital carinae is quite 
marked (e.g., many Probrachida species), quite weak (e.g., 
Specimens of the pulchella group of Gyrophaena, Figure 11), 
Or, more commonly, moderately but distinctly developed 
(Figures 7, 14, 20). Ventrally, the infraorbital carina 
extends from near the anterior margin of the eye beneath the 
eye, then dorsally at varying distances behind the eye, 
across the dorsal surface of the head as a continuous 
Subbasal ridge or carina. In some species, the infraorbital 


carina is incomplete dorsally either as a result of gradual 
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fading dorsally, or by the carina terminating near the 
baso-lateral angles of the head. 

In addition to the infraorbital Carina, all known 
gyrophaenines have a more posterior carina on each side of 
the ventral surface of the head. Depending on the species, 
this carina is (Figure 14) or is not (Figure 16) extended 
ventro-medially to contact the gular sutures. This carina 
also extends around the sides of the head, and in most 
Species, terminates dorso-basally (Figure 11). 

In some gyrophaenines (e.g., Agaricomorpha apachaena 
(Seev.), Figure 20) a third carina is present at the 
base of the head. 

Other interesting characters of uncertain value on the 
head include relative length to width ratio at narrowest 
point of gula. Changes in this character seem to be related 
to head length. In addition, in a few gyrophaenines, the 
antero-lateral angles of the gula are more or less expanded 
to cover the base of the cardo of the maxilla (e.g., some 


species of Probrachida). 


3.1.1.6 Antenna 

Seevers (1978) pointed out the usefulness of antennal 
characters for classification of genera and species of 
aleocharines, using See characters extensively as 
important key and diagnostic characters, particularly in 


revision of the difficult "athetine" complex. 
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Actually, the number of character Systems known in the 
antenna of aleocharines available for use at various 
taxonomic levels has been increasing slowly but steadily in 
the literature. Variation occurs principally in relative 
lengths and widths, and structure and setation of 
antennomeres, presence, absence and/or type of specialized 
sensilla, and overall general form. Use of antennal 
characters in classification of the aleocharines is 
presently limited by a general lack of information about 
variability in character systems at different taxonomic 
levels. As information on this variability accumulates, 
antennal characters are likely to become more important. In 
addition, more comprehensive comparative studies are likely 
to reveal new and presently unsuspected character systems. 

Casey (1906) first used antennal characters extensively 
for classification of gyrophaenines. He concluded that, 
among the gyrophaenine genera he recognized, the antennae 
were variable within the generic limits of Gyrophaena. At 
Supraspecific levels he recognized several important 
characteristics. Among most gyrophaenines, the antennomeres 
1-4 are distinct from 5-11, and form a distinct pedicel for 
the more apical antennomeres. He also recognized that 
antennomere 3 is consistently longer than 4, and in most 4 
is the shortest in the antenna. In addition to these 
general characteristics, he noted that antennomere 4 
resembles either the apical antennomeres or the basal three 


in sculpture, setation and structure. He used this mostly 
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in characterization of bolitocharine genera. I have not 
seen this character used by other aUChORS; bDUte1 Geis of 
value at some taxonomic levels. 

Based on setation, sculpture and form, the antennae of 
many aleocharines, especially gyrophaenines and 
bolitocharines, include two distinct parts: a basal portion 
with antennomeres weakly sculptured, with fewer, more 
scattered setae, and more or less conical in form, enlarged 
more or less gradually from base to apex; and an apical 
portion with antennomeres more densely sculptured, with more 
and denser setation, and more or less cylindricallin: form, 
with a distinct basal angle. Among gyrophaenines the basal 
portion of the antenna includes either antennomeres 1-3 
(Figure 27) or 1-4 (Figure 24). Most gyrophaenines 
have the basal portion of the antenna made up of 
antennomeres 1-4; only specimens of Probrachida have the 
former condition. Despite the possibility that states of 
this character system vary continuously among individuals of 
Species or higher taxa, it is seldom difficult to assign an 
antenna found among gyrophaenines to one state or the other. 
(A few species of Brachida have antennae which show 
intermediate states which are somewhat difficult to 
interpret). Based on the distribution of states of this 
character in bolitocharines and other aleocharines, it seems 
likely that resemblance of the fourth to the apical 
antennomeres is the primitive condition. If this is correct, 


then modification of antennomere 4 to resemble the basal 
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antennomeres has occurred independently a number of times in 

bolitocharines and gyrophaenines. 

A number of additional patterns of antenna structure 
are recognizable. Generally these patterns result from 
variation in the relative lengths and widths of 
antennomeres, particularly 5-10. These patterns affect 
Overall appearance of an antenna. Often more than one 
pattern may be observed a the same antenna. 

Patterns of variation of relative lengths and widths of 
antennomeres found among gyrophaenines include: 

1. Antennomeres 5-10 transverse (Rigures 2m 26) 

2. Antennomeres 5-10 elongate (Figure 24) 

3. Antennomeres 5-10 increase gradually in width from 
basal to apical antennomeres (antenna appears 
incrassate) (Figure 21). 

4, Antennomeres 5-10 uniform in width (forming a loose, 
parallel-sided club) (Figure 26). 

5. Antennomeres 5-10 increase in relative length from 
base to apex (Figure 22). 

6. Antennomeres 5-10 decrease in relative length from 
base to apex (Figure 24). 

7. Antennomere 4 elongate (Figure 23), quadrate 
(Figure 22), or transverse (Figure 26). 

8. Antenna loosely organized (Figure 23). 

9. Antenna tightly organized (Figure 21). 

Among gyrophaenines, these patterns are stable at a 


variety of taxonomic levels. Therefore, one or more of 
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these patterns may be useful for diagnosis, 
characterization or analysis at several taxonomic 
levels, depending on the group under consideration. 

Because Similar types of antennal structure have 
almost certainly evolved a number of times within the 
gyrophaenines, it is impossible to use antenna structure 
exclusively to delimit major groups within the 
gyrophaenines. Seevers (1951) recognized this and 
rejected the subgenus Leptarthrophaena Scheerpeltz and 
Hofler of Gyrophaena because it was based solely on 
antennal characters. He also transferred the species 
included in the subgenus into several species groups. 

However, because patterns of antennal structure 
vary in the same way within some groups, antennal 
Structure frequently correlates well with other 
characters, such as aedeagal type or secondary sexual 
characteristics. Therefore, antennal structure may be 
very useful at a variety of taxonomic levels if 
considered in combination with other character systems. 
Patterns of antennal structure may be especially useful 
in recognition of species groups within such large 
genera as Gyrophaena. 

In addition to the general patterns discussed 
above, relative lengths and widths of various 
antennomeres are reliable and very useful species 
recognition characters in many groups of gyrophaenines. 


Seevers (1951) used this character system extensively 
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even though he mainly distinguished Species by aedeagal 
eharacters*. 

I have not found any specialized sensilla on the 
antennae of gyrophaenines which might be useful for 


taxonomic purposes. 


S.0let. 7 Labrum 

Seevers (1978) stated that the labrum of aleocharines 
varies little and therefore has "little diagnostic value", 
supposedly for generic level classification. However, 
number and position of major setae, development, structure 
and relative position of major sensory elements, and 
presence of other characteristics such as sutures and 
internal setal patches vary considerably both among genera 
and among species. The labrum, therefore, offers a number 
of potentially useful character systems at various taxonomic 
levels. 

Sawada (1970, 1972) discussed the basic structure of 
the aleocharine labrum and proposed terms for major setae 
and sensory elements. 

The general outline of the labrum of aleocharines is 
broadly oval or trapezoidal. The surface bears a number of 
setae and sensory elements. Among these setae, Sawada 
(1970, 1972) recognized three pairs of large, suberect and 
darkly colored setae on each side. He distinguished three 
transverse rows per side, each made up of two setae. He 


called these rows the "distal", "medial" and "proximal" 


tate!) sont ThE 
- i= 


eta | * 24 
cpt ae og 
tb ieee! idee 


3: 


notviheg « *~ L 2. 5. 


4 “ ~ 
‘ 

3 

? 
4 = ’ ) =r) 
4s & 

- 
rs. ‘ , 

Te ) ra Le 


Defatyoniiea if Sid » Mu 


- 
A 
e : ¢ 
shi * 296 OW? lo om. «han 
: ; Nat some 


“tegaeey ona bes amy 


a 7 ; 
oF ra: 


49 


rowS, and named the setae d1 and d2, mi and m2, and p1 and 
p2 respectively, with the more medial seta of each row 
designated number 1 and the more lateral number 2 

(Figure 1A). 

In additon to major setae, there are a number of 
Sensory elements (called "setulae" by Sawada) on the labrum. 
There is a concentration of sensory elements medially on the 
anterior margin. Sawada recognized three distinct pairs of 
Sensory elements in this concentration (Figure 1A). These 


7 


are: "a", a distal setiform sensillum; "b", conical and more 
medial; and "c", more proximal and robust, with an exposed 
tip. 

In some taxa a pair of membranous lobes is associated 
with this anterior concentration of sensilla. These lobes 
arise on either side of the b-sensilla, and are very large 
(specimens of Gyrophaena and Phanerota, Figures 29, 30, 34), 
Quite small and difficult to distinguish (Probrachida 
modesta (Sharp), Figure 37), or virtually absent 
(Probrachida carinata (Sharp), Figure 38). The base of the 
a-sensillum arises in these lobes in many taxa. 

Sawada recognized that these setae and sensory elements 
were present in most aleocharines, and that their character 
States could be useful in classification. However, to 
provide a more generally useful system, especially for 
discussion of variation among gyrophaenines, Sawada's system 


of terms for setae and sensory elements must be modified and 


extended. 
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Setae 

Number of setae on the labrum varies considerably: 
numerous and dense (Brachida densiventris Cam., Figure 43; 
Probrachida sparsa (Sharp), Figure 39), reduced to only a 
few pairs of well developed setae (specimes of Gyrophaena, 
Figure 29; Phanerota, Figure 33; Eumicrota, Figure 35), or 
with a variety of intermediate states of number of setae 
(Brachycara sp., Figure 54; Encephalus americanus, 

Figure 36). 

The simplest labral setation among gyrophaenines is 
found in specimens of Gyrophaena, Eumicrota and Phanerota. 
On the typical labrum of members of these groups distal, 
medial and proximal pairs are well developed and easily 
recognized. There is also a single seta medially on each 
Side of the midline. For clarity, I believe a less 
ambiguous set of terms should be applied to these setae. 
Therefore, I recognize three lateral pairs of setae on each 
Side of the labrum: an apical lateral pair, A.L.1 and A.L.2 
(di and d2 of Sawada); a medial lateral pair, M.L.1 and 
M.L.2 (mi and m2 of Sawada); a basal lateral pair, B.L.1 and 
B.L.2 (pi and p2 of Sawada); and the single seta on each 
Side of the midline, the paramedial or PM. This set of 
terms is illustrated in Figure 1B. 

These major setae are distinguishable on the labrum of 
all gyrophaenines, although the homologous setae become 
difficult to identify in those species with a highly setose 


labrum. Furthermore, these setae seem to be invariant under 
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reduction so that although the number of setae has been 
reduced a number of times independently within the 
gyrophaenines, these particular setae have not been lost or 
Significantly reduced. 

In those in which the labrum is densely setose (e.g., 
Probrachida sparsa, Figure 39), A.L.1 and AWLa2"can 
generally be recognized by their occurrence most near the 
apical and lateral margin, though quite far removed from the 
margin in several species of Probrachida (Figures 37, 38, 
39). Seta M.L.2 of most specimens is recognized by its 
greater length in comparison to other setae, DUC Men. eon 
some specimens is difficult to distinguish. It is usually 
more proximal and slightly medial to the e-sensillum (see 
below). This characteristic position is helpful in 
recognizing M.L.1 in species with an intermediate number of 
setae (e.g., Brachycara, Figure 54, or Probrachida 
geniculata (Sharp), Figure 40). However, this position is 
not invariable and helps little in distinguishing this seta 
in specimens of some species (e.g., Brachida densiventris, 
Figure 43; Probrachida sparsa (Sharp), Figure 39). Setae 
B.L.1 and B.L.2 are usually recognized by dark color and 
large size. In addition, these setae often diverge 
laterally, while other setae converge medially. 

I have not been able to find a way to recognize which 


setae are homologous to PM in species with a densely setose 


labrum. 
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Other than those gyrophaenines in which the labrum is 
densely setose, the most common variations in labral 
Setation are an additional seta on each side of the midline 
anterior to PM (e.g., Brachida sublaevipennis, Figure 45) 
and one or more setae between M.L.1 and M.L.2 (e.g., 
Encephalus americanus, Figure 36), or proximal to M.L.1 and 
M.L.2 (e.g., specimens of Brachycara, Figure 54). 

It is important to note that among other aleocharines, 
these setae are not as stable under modification as they are 
among gyrophaenines. However, they serve as useful 
reference points for discussion of chaetotaxy of the labrum. 
Sensilla 

A number of sensilla (setulae of Sawada, 1970) are on 
the labrum of aleocharines. Three pairs of sensilla 
recognized by Sawada (1970), concentrated medially on the 
anterior edge of the labrum, are borne by all gyrophaenines. 
These comprise the "antero-medial sensory area". Position, 
Shape and relative development of these sensilla vary 
considerably from species to species within a genus. 

The terms Sawada (1970) used to refer to these sensilla 
are here modified to reduce possible confusion with terms 
for setae. The a-sensillum (a-sensillum of Sawada, 1970) is 
most commonly seta-like (Figure 31). Rarely, it may also 
resemble a short, stubby spine (e.g., Brachida 
sublaevipennis Cam., Figure 45), or be modified to a 
hyaline, thickened spine (Probrachida undescr. sp., 


Figure 41). Seta-like a-sensilla are quite large (e.g., 
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Probrachida geniculata (Sharp), Figure 40), more normal 
sized (e.g., Gyrophaena frost i Casey; Figure: 31), sor quite 
small (e.g., Phanerota dissimilis Erichson, Figure 34; 
Encephalus americanus Seev., Figure 36). Usually the base 
of the a-sensillum is found in the membranous lobe on each 
Side of the midline (Figure 22), but when these lobes are 
poorly developed or absent, the base of the sensillum is in 
the main body of the labrum. Several species of Gyrophaena 
(Figure 29) have an additional small secondary sensillum at 
the base of the a-sensillum. 

Emerging medially (between the membranous lobes when 
are present) is a pair of peg-like sensilla, the f-sensilla 
(b-sensilla of Sawada, 1970). Development of this pair 
varies from very prominant (e.g., Gyrophaena antennalis 
Casey, Figure 32) to quite small (e.g., Brachida 
sublaevipennis, Figure 45). 

The y-sensillum, one on each side, (c-sensillum of 
Sawada, 1970) is proximal and usually lateral to the 
B-sensillum. The y-sensilla are usually expressed as a 
small internal bulbs with small conical exposed tips. 
Development and position relative to other elements of the 
antero-medial sensory area vary intergenerically and 
interspecifically in some taxa. 

On each side of the antero-medial sensory area, on the 
anterior margin of the labrum, is a single seta-like sensory 
element, the «-sensillum. This sensillum is present in most 


gQyrophaenines. It is near the lateral edge of the anterior 
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54 
membranous lobes in most of those species in which these 
lobe are well developed. Development of the e-sensillum 
among the gyrophaenines ranges from virtually 
indistinguishable from a seta (e.g., Brachida sublaevipennis 
Cam., Figure 45), to virtually absent (e.g., Pseudol igota 
varians Cam., Figure 51). In specimens of most species it 
is seta-like and more or less prominent. Development of 
this sensillum is quite uniform among individuals within a 
Species, but varies among species within a genus. Ubiquity 
of the «-sensillum makes it a useful reference DOL tRLOT 
establishing chaetotaxic homologies. 

Along each lateral margin of the labrum are a number of 
Short, spine-like sensilla arranged in a semicircular row, 
the "lateral sensory row". In most species there are 3 or 4 
sensory elements in this row (Figure 33), but there may be 
as many as 5 (e.g., Phanerota dissimilis, Figure 34), or 
only 1 or 2 weakly developed spines, or the elements are 
Virtually absent (e.g., Encephalus species, Figure 36, and 
many Sternotropa and Pseudo] igota species, Figures 48, 51, 
52). The sensilla of the lateral row are near or at the 
lateral margin (most species of Brachida, Figures 43-45; 
Probrachida, Figure 37-39, and Sternotropa, Figure 50), or 
more or less distant from the lateral margin (many 
Gyrophaeéna species, Figure 30; many Eumicrota species, 
Figure 35; and Phanerota). Distance of the lateral sensory 
row from the lateral margin seems to be more or less uniform 


within a genus or even at a higher taxonomic level, although 
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secondary modifications make this character System difficult 
to interpret. 

In addition to the character systems discussed above, 
internally on the labrum of some species of Brachida and 
Probrachida (Figure 41) is a patch of densely arranged fine 
hairs on each side of the midline. This patch is absent 
from the labrum of all other gyrophaenines. 

The labrum of some species of Brachycara has a 


longitudinal suture-like clear area medially (Figure 54). 


3.1.1.8 Mandibles 

Mandibles of aleocharines are rather robust, markedly 
sclerotized structures. In most, the right mandible bears a 
more or less well developed internal tooth so that the 
mandibles are typically asymmetrical. Also, in some, the 
apex of one or both mandibles is bifid and/or part of the 
inner margin of the mandible is serrate. An internal 
membranous lobe, the prostheca, is well developed on the 
mandibles of aleocharines. The inner margin of the 
prostheca is finely ciliate or serrate. 

Among gyrophaenines, the tooth on the inner face of the 
right mandible may be slightly (Figure 70), moderately 
(Figure 60), or markedly (Figure 56).developed. The medial 
area of the inner fringe of the prostheca is made up of 
bifid structures (Figures 57, 67). Though these structures 
are not limited to gyrophaenines, they are very 


characteristic of most members of the subtribe. However, 
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some Brachida (Figure 65) have the medial area of the inner 
fringe of the prostheca with Spine-like or setiform, rather 
than bifid, structures. 

Specimens of Brachida have the left mandible bifid at 
apex (Figure 65) and specimens of a few species of 
Probrachida have both mandibles bifid at apex. 

The molar region of gyrophaenines is characterized by 
rows of small denticles or teeth. These denticles are very 
numerous (€.g. some Probrachida, Figures 63, 64 ) moderately 
numerous (€.g. most Gyrophaena, Figure 56), or very few 
(some Pseudoligota, Figure 70). These denticles are also on 
mandibles of other members of the tribe Bolitocharini. 
Seevers (1978) suggested that these denticles may be related 


to fungus feeding (see Section 3.2.2.1.3). 


Sette. 9 oMaxilla 

Maxillae of aleocharines provide a rich source of 
character systems for taxonomic and phylogenetic study. 
Structure of the galea and lacinia is especially valuable. 
Importance of maxillary structures in systematic research 
has been becoming more apparent for some time, and there has 
been an increased emphasis placed on these characters, 
especially by European authors. Seevers (1978) recognized 
the great value of character systems in the galea and 
lacinia, but made almost no attempt to use character systems 
in these structures in his reclassification of North 


American aleocharines. Lohse (1974), on the other hand, 
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pointed out that classification of aleocharines should be 
based principally on mouthparts, but because of the 
difficulty of observation, he provided a key based on other 
characters. Apparently, lack of comprehensive studies of 
character systems in the maxilla is the result of the use of 
traditional techniques. 

Sawada (1970, 1972, and later papers) has attempted to 
provide a comparative base for study of these structures, 
describing the basic form of the maxilla of aleocharines. 
The terms proposed by Sawada suffer from several weaknesses. 
In general, it is a system for reference to the basic 
features of the maxilla only. He did not designate many 
maxillary structures which may provide Systematically 
valuable character systems. Given the great variation in 
maxillary structure found among aleocharines, it would be 
premature to attempt to provide a more inclusive set of 
terms until a more comprehensive morphological base has been 
developed. Therefore, terms proposed by Sawada (1972) for 
maxillary structures have been used in this revision with 
only minor modifications and additions. 

A generalized maxilla (Figure 2) has five parts: cardo 
(c.), stipes (st.) (including palpifer), maxillary palpus 
(mx.p.), galea (gal.) and lacinia (lac.). The cardo is an 
Ovate, heavily sclerotized structure which articulates with 
the head capsule. The cardo bears a few setae, or these are 
reduced or absent. The stipes is divided by distinct 


Sutures into an inner (i.sc.), medial (m.sc.) and outer 
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(o.sc.) sclerite. These sclerites commonly bear 4 setae: 2 
distally on the outer sclerite (usually the more distal of 
these is the longer): and a large seta near each basal 
corner of the medial sclerite. The inner sclerite of many 
aleocharines bears a number of spiniform sensilla. 

The maxillary palpus of most aleocharines is composed 
of 4 articles. Palpomere 1 is small; palpomere 2 elongate 
and more or dilated distally; palpomere 3 elongate and 
dilated near the middle: and palpomere 4 attenuate and 
Subulate. Members of the tribe Aleocharini and related 
groups have a secondary annulation of palpomere 4, so that 
the maxillary palpus appears to be 5-articled. Palpomere 
4 bears a number of sensory elements, including a well 
developed spiniform apical process (a.pr.). In addition, 
all aleocharines have a bundle of filamentous sensilla 
(f£.5.) basally on palpomere 4. Structure of this group of 
sensilla differs among species. 

The outer lobe of the maxilla is the galea. Sawada 
recognizes two parts: an elongate proximal sclerite MD <Scy, 
bearing sensory pores; and a membranous distal lobe (d.1.) 
with some basal sensilla (b.s.) and numerous setae in most 
Species. Shape of the distal lobe of the galea and 
distribution and form of setae provide important character 


Systems for use at higher taxonomic levels within the 


aleocharines. 
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The lacinia, the inner lobe of the maxilla, varies 
considerably among aleocharines. Commonly, the apex of the 
lacinia bears a loose comb of spines with additional spines 
and numerous setae distributed on the inner face (see 
Sawada, 1972, for a discussion of variation in@thiis 
structure). 

Because of great variability of maxillary structure 
among aleocharines, the maxilla of gyrophaenines are 
compared, for purposes of this discussion, to the type found 
among members of the subtribe Bolitocharina. This 
comparison is useful for several reasons. First, the 
Bolitocharina are probably the sister group to the 
gyrophaenines (see discussion in Section 4.2.2.3). In 
addition, bolitocharines have relatively generalized 
maxillae which are probably more similar to those of the 
common ancestor of gyrophaenines and bolitocharines than 
maxillae of any other aleocharine group. 

Maxillae of various bolitocharines are shown in Figures 
96, 97 and 238. In most species of bolitocharines the four 
Stipital setae described above are present. In specimens of 
a few species an additional seta is present distally on the 
medial sclerite of the stipes. The spinose sensilla on the 
inner sclerite of the stipes are well developed in most 
species. The maxillary palpus is generalized with numerous 
sensilla near the tip of palpomere 4. The two or more basal 
sensilla of the distal lobe of the galea are setiform, and 


vesiture of the distal lobe is represented by numerous, 
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closely spaced rows of unmodified setae in most species. 
(But note modification of galeal setae in Bol itochara 
Junulata Payk., Figure 239). 

Laciniae of most bolitocharines have a distinct comb of 
teeth apically (Figure 238). Teeth of this comb grade more 
proximally into an area of densely spaced teeth, spines and 
setae, proximal to which number and density of spines and 
teeth decrease. The entire inner face of the lacinia is 
densely setose in specimens of most species. Near the base 
of the lacinia are two or more spines separated from the 
Spines and setae of the distal two-thirds by a more or less 
glabrous area. 

Members of the subtribe Gyrophaenina differ from 
bolitocharines and are unique among other known aleocharines 
in Shathehe apex of the lacinia is obliquely truncate and 
beset with a well differentiated patch of numerous, more or 
less closely spaced teeth (Figure 74). This structure, 
referred to as a "Spore brush", appears to be adapted for 
Scraping maturing spores, basidia and hyphae from the 
hymenium layer of fresh mushrooms. There is also a tendency 
toward reduction of teeth, spines and setae on the inner 
face of the lacinia. This is probably associated with 
reduction of function of food manipulation by the maxillae. 

Co-adapted with the lacinia in relation to spore 
feeding are rows of setae on the outer lobe of the galea. 
The tendency among gyrophaenines has been to reduce the 
number of rows of setae and modify the setae to subspatulate 
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or plate-like structures (Figure 235). In normal operation 
of the maxilla, these modified setae of the galea appear to 
provide a cup-like cap over the apex of the lacinial comb 
which probably helps retain food scraped from the mushroom 
Surface. 

The most generalized maxillae among gyrophaenines are 
those of specimens of Probrachida (Figures 81-84). Members 
of this genus have a well differentiated Spore brush, but 
retain a few scattered teeth on the inner face of the 
lacinia. In addition, in some species, the setae on the 
inner face of the lacinia are numerous and not arranged in a 
distinct row (Figures 83, 84). Maxillae of members of this 
group are also generalized in that the setae on the distal 
lobe of the galea are unmodified and in numerous (6-10) 
rowS. Members of Probrachida are unique among known 
Qyrophaenines in the presence of teeth on the inner face of 
the lacinia. They share the presence of numerous rows of 
unmodified setae on the distal lobe of the galea with some 
Species of Brachida (Figures 85-87). Numerous scattered 
Setae on the inner face of the lacinia are also found in 
some members of Brachycara (Figure 94), and Agaricochara 
(Figure 88). Other gyrophaenines lack teeth on the inner 
face of the lacinia, -lacinial setae ina Single well- 
differentiated row, and four distinct rows of subspatulate 


Or plate-like setae on the outer lobe of the galea (Figures 
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In addition to these very useful character Systems, a 
number of other characters in the maxilla vary among 
gyrophaenines. Most gyrophaenines lack setae on the cardo 
but members of some species of Gyrophaena have a single 
moderate to small seta on the cardo. Many gyrophaenines 
have a Single large seta distally on the outer sclerite of 
the stipes, but members of Brachycara (Figure 94), 
Agaricochara (Figure 88), Agaricomorpha (Figure 95), 
Sternotropa (Figure 89) and Pseudoligota (Figure 92) also 
have a smaller more proximal seta. The one (Figure 73) or 
two (Figure 95) basal sensilla of the distal lobe of the 
galea are always setiform in gyrophaenines. In members of 
some species (e.g., Probrachida, Figure 83) these basal 
sensilla are difficult to distinguish from setae of the 
distal lobe. 

Proximal to the spore brush of the lacinia of most 
Qyrophaenines is a row of either 3 or 4 large, contiguous, 
inflated, clear, colorless sensilla (Figure 74). Although 
quite close to the proximal teeth of the spore brush or 
Surrounded by setae, these sensillla are easily 
distinguished from both by their inflated, clear and 
colorless structure. They appear to be either modified 


setae or spines. Their function is unknown. Specimens of 
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Brachycara and Probrachida appear to lack these structures. 


In addition to these sensilla, there are either two 
(Figure 74) or three (Figure 78) more isolated, inflated, 


clear, colorless sensilla on the inner face of the lacinia 
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of most gyrophaenines. Spines in Specimens of some species 
(e.g., Brachida, Figure 86) ina position similar to that in 
which these sensilla are usually found strengthens the 
hypothesis that such sensilla on the lacinia are derived 
from modified spines. 

The row of setae on the inner face of the lacinia is 
very long, with a large number of setae (Prgqures: 735875)" or 
Shorter, with fewer setae (Figure 92). Specimens of most 
Species of gyrophaenines have a Single spine internally at 
the base of the lacinial face. 

Number, size and density of the teeth in the spore 
brush at the apex of the lacinia also varies. These teeth 
are relatively long and widely spaced (Figures 73, 234), or 
far more numerous, shorter and more closely arranged 
(Figure 88, 236). The extreme of the latter condition seems 
to be reached in specimens of Brachycara. In members of this 
genus the area covered by the spore brush is very extensive, 
and the spore brush is made up of many hundreds of very 
short, very closely spaced teeth (Figure 94, 237). This 
variation is of particular interest because states of this 
character seem to correlate, ina general way, with the 
broad host preferences found among Gyrophaenines. Specimens 
of groups of gyrophaenines which are most commonly found on 
gilled mushrooms usually have spore brushes with fewer, 
longer, more widely spaced teeth, while specimens of groups 
which prefer or are limited to woody polypores have spore 


brushes with more numerous, shorter and more closely Spaced 
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teeth. Members of many species which prefer hosts with have 
characteristics intermediate between these host types have 
intermediate states of the structure of the spore brush 
(e.g., some Eumicrota species, Figure 235). The reason for 
this correlation of structure with broad host preferences is 
not clear, but a relationship to feeding habits and to 
characteristics and availability of the hymenium layer of 
the host seems likely. Species with members having a spore 
brush of numerous, short, closely spaced teeth are included 
in Pseudoligota (Figure 92), Sternotropa (Figures 89-91), 
Agaricomorpha (Figure 95), Agaricochara (Figure 88), 
Brachycara (Figure 94), and Eumicrota (Figure 77). Some 
Species of Gyrophaena (Figure 73), Phanerota (Fi gurem75), 
Encephalus (Figure 78), Brachida (Figure 85) and Probrachida 
(Figure 81) have specimens with a spore brush of jana 
fewer, more widely spaced teeth. 

Variation also occurs in several character systems in 
the maxillary palpi of gyrophaenines. However, this 
Variation seems most useful at intrageneric levels rather 
than intergenerically. Relative length, width and structure 
of the maxillary palpomeres, number and distribution of 
setae, and development and distribution of sensilla on 


palpomere 4 vary among species. 


Seo. 1, 10 Labium 


The generalized structure of an aleocharine labium has 


been discussed by Sawada (1972) and Seevers (1978). Terms 
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proposed by Sawada for labial structures are accepted in 
this study (Figure 3) except that the "discal seta. (dis.)" 
of Sawada is here called the "medial seta (meswa ts 

Labia of members of the Aleocharinae are composed of 
four parts: mentum (m.t.), prementum (oe my) SVappaar of 
glossae (gl.) and a pair of labial palpil tl spt ye 

The mentum is a more or less trapezoidal sclerite 
which, in most aleocharines, has 3 setae near each 
antero-lateral angle, a pair of medial setae near the 
anterior margin, and one or more Pairs of setae on the disc 
Or near the postero-lateral angles (Figure 3). Characters 
useful at various taxonomic levels among aleocharines are 
degree of emargination of anterior margin, relative position 
and size of 3 major setae near antero-lateral margin, 
presence and position of additional setae, and overall shape 
and proportions of mentum. 

The prementum includes a median (m.a.) and a paiteor 
lateral areas (l.a.). In most, the prementum includes a 
pair of medial setae (m.s.), basal (b.p.), setal (siped, 
real (r.p.) and pseudopores (p.p.) (Sawada 1972). Presence 
of 2 medial setae in surprisingly constant among 
aleocharines. Gyrophaenines are unusual in that all except 
members of Probrachida (Figure 105) have a single medial 
seta (Figure 98) or this seta is reduced or absent (in some 
Phanerota, Figure 101). 

Glossae of aleocharines are separate and relatively 


generalized only in the genus Gymnusa Gravenhorst. In other 
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aleocharines the glossae are fused to form a "ligula" 
(Seevers 1978). Degree of bifurcation of the ligula has 
been used commonly for classification of aleocharines. 
Seevers (1978) believed that structure of the ligula is not 
as useful for classification as previously supposed, and 
Sawada (1972) wrote that precise degree of bifurcation of 
the ligula is not constant within a Species. However, among 
gyrophaenines, I have found that general form of the ligula, 
whether the ligula is bifid or not, and the range of degree 
of bifurcation is constant within a genus or at sSuprageneric 
levels. Among gyrophaenines, at least 6 states of structure 
of the ligula can be recognized: 1) ligula entire, broadly 
rounded (members of Encephalus, Figure 103); 2) ligula 
Short,entire, protruded, and broadly rounded at apex 
(members of Gyrophaena, Figure 98; Phanerota Figure 100; 
Eumicrota, Figure 102); 3) ligula short, protruded, 
parallel-sided, divided 1/2 to 2/3 distance to base into 2 
more or less sharply pointed lobes (members of Agar icochara, 
Figure 110); 4) ligula short, protruded, parallel-sided, 
divided 3/4 to entire distance to base into 2 pointed or 
acutely rounded lobes (members of Sternotropa, Figure 111; 
Pseudoligota, Figure 113; Agaricomorpha, Figure 117; and 
Brachycara, Figure 116); 5) ligula short, protruded, divided 
to base into 2 robust, apically rounded lobes (members of 
Adelarthra, Figure 114); and 6) ligula elongate, 
parallel-sided, divided in anterior 1/3 into 2 divergent 


lobes (members of Neobrachida, Figure 115). 
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Distribution and development of sensory elements on the 
ligula are probably useful at a number of taxonomic levels 
within Aleocharinae. However, before these characters 
become available, extensive comparative studies will be 
required to determine distribution and type of sensory 
elements present and establish homologies between sensory 
elements in different groups. 

The labial palpi of aleocharines are typically 
3-articled. However, fusion of palpomeres, secondary 
annulation, or other modifications have occurred a number of 
times within the subfamily. In members of the tribes 
Aleocharini and Hoplandrini, secondary annulation of labial 
palpomere 3 has resulted in an additional pseudosegment. 
Members of the subtribe Silusina, tribe Myllaenini, and 
Others, have the labial palpi modified to long filiform 
processes, and members of the Gyrophaenina (and a few 
others) have labial palpomeres 1 and 2 fused to produce 
2-articled palpi. Degree of development and distribution of 
setae and sensory elements on the labial palpus provide 
characters useful at a number of taxonomic levels within the 
Aleocharinae. Sawada (1972) has provided a discussion of 
distribution and terms for the setae and sensory elements on 


the labial palpi. 


3.1.1.11 Pronotum 
Among gyrophaenines pronota vary considerably in 


general shape, length and width, convexity and micro- and 
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macrosetation. Types of variation in these character 
Systems are stable at various of taxonomic levels. 
Therefore, the pronotum provides a number of useful 
character systems, not only for characterization of taxa, 
but also for use in phylogenetic analysis. 

Shape 

Contributing to general aspects of "shape" of the 
Ppronotum are such characteristics as width:length ratio, 
general shape and degree of convexity or flattening. 
Members of the genera Sternotropa, Eumicrota ana 
Agaricomorpha have the most transverse pronota. Most 
members of these genera have pronota twice as wide as long 
Or wider. In contrast, specimens of Gyrophaena (Phaenogyra) 
gracilis Seevers have quadrate pronota not more than 1.1 
times as wide as long. Among members of Gyrophaena this 
character varies from very quadrate as in G. gracilis 
described above to quite transverse as in specimens of 
G. hubbardi Seevers (1.9-2.0 times as wide as long). 
Specimens of most species of this large genus have pronotal 
length:width ratios that cluster near the midpoint between 
these two values. 

Except among members of Gyrophaena, pronotal 
length:width ratios among species within a genus do not vary 
greatly. Therefore, range of this ratio among species 
within a genus is a useful diagnostic character. In 
addition, length:width ratios are very useful for species 


discrimination, epecially in a large genus such as 
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Gyrophaena, with its great variability in this character 
system. 

The distinctive outline of the pronotum of a 
gQyrophaenine in dorsal aspect contributes much to the 
general habitus of the animal. Members of the genera 
Sternotropa, Agaricomorpha, Eumicrota, Brachycara and some 
Gyrophaena have basally bisinuate pronota (Figures 125, 127, 
130). This character state is often associated with 
relatively broad pronota, and contrasts with lack of basal 
Sinuation in many members of Gyrophaena, Phanerota, Brachida 
and some others (Figure 120, 121, 123). In members of most 
gyrophaenine genera, presence or absence of basal sinuation 
is relatively constant among species. However, within 
Gyrophaena a transformation series of this character extends 
from bisinuate basally to lack of basal sinuations. A 
bisinuate basal margin of the pronotum is widespread among 
aleocharines. Therefore, it is probably the primitive 
condition in the gyrophaenines. If so, then loss of basal 
bisinuations appears to have occurred a number of times in 
gQyrophaenines. This hypothesis is discussed more fully in 
section’4.1.2. 

Another basic pronotal shape among gyrophaenines is 
broadly oval (Figure 123). Species with members with 
broadly oval pronota are included in Gyrophaena, Brachida, 
Probrachida and Encephalus. In specimens of many species of 
Gyrophaena (e.g., G. nana Payk., Figure 119), Probrachida 


and Encephalus the broadly oval outline of the pronotum is 
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interrupted by a shallow to prominent emargination medially 
in the posterior margin. 

The pronotum is convex or more or less flattened. 
Degree of convexity varies considerably among gyrophaenines. 
Members of species of most genera have pronota which are 
moderately to markedly convex. Markedly convex pronota 
characterize, for example, members of Brachycara 
(Figure 129), Adelarthra (Figure 231) and some species of 
Probrachida. Members of Brachida, Sternotropa, and others 
have moderately convex pronota. In contrast, members of 
many species of Gyrophaena (Figure 120) and Phanerota 
(Figure 123) have very slightly convex to almost flat 
pronota. 

Degree of convexity of the pronotum is related to 
another characteristic of the prothorax. The hypomera of 
the prothorax are either inflexed and hidden by the lateral 
margins of the pronotum in lateral aspect, or are deflexed 
and more or less visible below the lateral margins of the 
pronotum. Amount of the hypomera visible varies 
considerably among gyrophaenines from only a small portion 
of the anterior margin to most of the hypomera. Variation 
in this character also occurs among other aleocharines. 
Seevers (1978) suggested that the generalized form of the 
aleocharine prothorax may have been convex with hypomera 
invisible in lateral aspect. Therefore, subsequent 
flattening of the prothorax, exposing the hypomera would be 


a derived condition. This implies that exposure of the 
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hypomera is directly related to convexity of the prothorax. 
While correlation between convexity and exposure of the 
hypomera is striking among gyrophaenines, other factors may 
also be involved in exposing the hypomera. A correlation 
between exposure of the hypomera and relative width of the 
pronotum is also evident. Relative Narrowing of the 
Pronotum may result in rotation of the hypomera from a 
markedly inflexed to a more deflexed Orientation, resulting 
in exposure in lateral aspect. It is impossible at this 
time to be certain which of the factors — degree of 
convexity or relative width — is more important in hypomeral 
exposure. Probably these two factors do not vary 
independently and flattening of the dorsal surface of the 
Pronotum is normally associated with a decrease in relative 
width. | 

Among gyrophaenines, the hypomeron is broadly exposed 
only in members of most species of Gyrophaena and Phanerota. 
However, variability in this character among members of 
Gyrophaena is marked, and the range extends from hypomera 
not visible in lateral aspect, to fully exposed. Therefore, 
exposure of the hypomera is not a distinguishing 
characteristic of Gyrophaena as was suggested by Seevers 
O1O5t, 1978). 

Another characteristic which contributes to overall 
Shape of the prothorax is degree of ventral deflexion of 
antero-lateral margins of the pronotum. Marked deflexion of 


this region is evident among members of Encephalus and 
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Probrachida modesta (Sharp). Expression of this character 
differs considerably among gyrophaenines from the extreme 
examples of antero-lateral defelexion mentioned above, to 
lack of deflexion in most Gyrophaena and others. 

Setation 

Both macrosetae and microsetae are present on the 
pronotum. There is no clear correlation of variability in 
these two systems. Although most gyrophaenines with large 
numbers of well developed microsetae on the pronotum have 
weakly developed macrosetae, and vice versa, this 
relationship is not invariable. 

Microsetae. — Pronota of most gQyrophaenines are 
uniformly covered by a dense vestiture of microsetae. 
Generally, microsetae are directed posteriorly or postero- 
laterally. Pronotal setal patterns among gyrophaenines 
correspond to Patterns A and B of Seevers (1978), and are 
not very useful for discrimination of taxa. Pronotal 
microsetae are either very short and stiff (e.g., members of 
Sternotropa, Agaricomorpha), long and silky (Brachida 
Species), or a variety of intermediate lengths and 
Sstiffnesses. Modification of pronotal microsetae has 
generally been by reduction of number and prominance of 
setae. This reduction appears to have occurred 
independently in a number of lineages. Specimens of 
Adelarthra barbari Cam. (Figure 231), Encephalus, Phanerota 
and many species of Gyrophaena have pronota virtually bare 


of microsetae. Variation in pronotal microsetation among 
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Species within some genera (e.g., Gyrophaena, Eumicrota) 
encompasses a range of pronotal vestitures, from a dense 
covering of numerous stiff setae, to few, scattered, small 
setae. Generally, however, development of microsetae on the 
Pronotum shows relatively less variation than these extremes 
among Species within a genus. 

Macrosetae. — These are in three distinct longitudinal 
rowS on each side plus an additional anterior seta on each 
Side of the medial row (Figure 4). For ease in discussion, 
setae in each row are numbered consecutively beginning with 
the most anterior seta. The most lateral of these rows of 
setae begins with the seta in the antero-lateral corner of 
the pronotum. There are four setae in the lateral row, 
labeled L1-L4. Immediately mediad of the laterals is the 
"mesolateral" row, with three setae (ML1-ML3). Immediately 
mediad of ML1 on the anterior margin is a Single 
"paramedial" seta (PM). On each side of the midline is a 
row of four setae, the "medials" (M1-M4). 

The generalized arrangement of setae described above is 
found in most species of Gyrophaena, Phanerota and 
Eumicrota. However, in many species of Gyrophaena, M2 is 
absent (€.g., members of the "keeni group" of Seevers, 
1951), and macrosetae:are difficult to see in specimens of 
Eumicrota. On specimens of many species macrosetae are 
difficult to distinguish from microsetae, and on some can be 
seen only in cleared preparations by examination with a 


compound microscope. Difficulty of distinguishing 
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macrosetae is often correlated with density of microsetae. 
Conversely, reduction in number of microsetae is commonly 
correlated with increased prominence of the macrosetae. 
This may be clearly seen in members of the genus Eumicrota 
by comparing figures of the pronotum of E. socia 

(Figure 125) and £. corruscula (Figure 124). These figures 
are somewhat misleading because the macrosetae on the 
pronotum of FE. socia are much less prominent than they 
appear in the drawing. 

Variation in macrosetae includes the following 
conditions. Macrosetae appear to be absent or are 
indistinguishable from microsetae in specimens of many 
Species of Pseudoligota. ML2 is absent from some members of 
many genera (e.g., Agaricomorpha, Brachycara, Sternotropa 
and others). L2 is absent from members of Brachida, 
Brachycara and Agaricochara. In specimens of some species 
of Sternotropa, Adelarthra and Brachycara, L3 is more or 
less prominent in comparison to other pronotal setae 
(greatly so in Adelarthra). 

Variation in these, and other, characteristics of 
development of pronotal microsetae may be useful at a number 
of taxonomic levels. However, before these character 
Systems can be used confidently, a more complete 
understanding of both interspecific and intergeneric 


Variation is needed. 
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Seeds 12°Elytra 

Length and width of elytra in relation to the pronotum 
are taxonomically important characteristics since these 
attributes contribute considerably to overall habitus of a 
beetle. 

Elytra of most aleocharines are rather generalized and 
longer than the pronotum. However, members of some tribes 
have elytra which are considerably shortened (Seevers, 
1978). Small size of elytra is associated with aptery or 
brachyptery and hence flightlessness. Neither brachypterous 
nor apterous gyrophaenines are known. However, among 
gyrophaenines length of elytra relative to pronotal length 
ranges from much longer than the pronotum (e.g., members of 
Agaricochara species), to about equal to pronotal length 
(most Gyrophaena, Phanerota and others) or Slightly shorter 
than pronotal length (most Brachycara). 

Lateral apical angles of the elytra are markedly 
Sinuate (e.g., Encephalus zealandicus (Figure 134), 
moderately to slightly sinuate (e.g., Eumicrota, Figure 133), 
Or not at all sinuate (e.g., most Gyrophaena, Figure 131; 
Phanerota, Figure 132). 

Both microsetae and macrosetae are on the elytra of 
M@eceharines:. Distribution and development of these setal 
patterns, while difficult to quantify, may be important at a 
variety of taxonomic levels. Among aleocharines are fewer 
microsetal patterns on the elytra than on the pronotum. 


Seevers (1978) recognizes only three. Among gyrophaenines 
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elytral microsetae are subparallel and directed caudally 
(Pattern R of Seevers, 1978). Microsetae are very numerous 
and densely distributed so that the elytra appear more or 
less markedly pubescent (e.g., specimens of Brachida 
Species), or are very few and very sparsely distributed 
€.g., Specimens of Adelarthra barbari). Specimens of most 
Species of gyrophaenines have an intermediate condition 
(e.g., most Gyrophaena species). Length of microsetae also 
differs from long and silky (members of Brachida) to very 
Short and stiff (e.g., most Sternotropa). 

In some aleocharines distribution of microsetae on the 
elytra is not uniform. This condition is not common among 
gyrophaenines, though the elytra of specimens of some 
Species are narrowly asetose along the suture. 

Figure 132 illustrates the distribution of macrosetae 
on the elytra of most gyrophaenines. Development of these 
macrosetae is quite variable among genera and species, 
Macrosetae are small, inconspicuous, or obsolete (most 
Pseudoligota species), moderate sized and more or less 
conspicuous (most Gyrophaena and Phanerota), or extremely 
large and very conspicuous (members of Adelarthra barbari). 
Development of macrosetae may vary among species within a 
genus (e.g., species of Sternotropa) in which instance it 
becomes a useful character at the species or species group 
level, or development of macrosetae may be relatively 


constant within a genus. 
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Setal punctures may be asperite or not. In particular, 
many males have an large asperities on various parts of the 
elytra as part of the secondary sexual complex. 

Elytra of specimens of some Species of gyrophaenines 
are adorned with spines, Carinae, low elevations or 
depressions. Most often these modifications of the elytra 
are, along with asperities, part of the secondary sexual 


complex of characters. 


3.1.1.13 Prosternum 

Character systems of the prosternum have been used 
consistently by few authors. Generally, in aleocharines, 
the prosternum is a more or less transverse bar between and 
in front of the anterior coxae. In some aleocharines 
(members of the tribes Falagrini and Dorylomini), the 
prosternum is prolonged behind the anterior coxae and 
contiguous with or fused to enlarged mesospiracular 
peritremes. The posterior prolongation of the prosternum of 
some aleocharines is near or adjacent to lateral extensions 
of the prothoracic hypomera, such that the anterior coxal 
Cavities are more or less closed behind (Seevers, 1978). 

Among gyrophaenines, the prosternum is markedly 
(Figure 147), moderately (Figure 145), or slightly 
transverse (Figure 144), In general, degree to which the 
prosternum is transverse correlates well with the 
width:length ratio of the pronotum. Thus, gyrophaenines 


which have a markedly transverse pronotum also have a 
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relatively transverse prosternum. However, other factors 
also affect expression of this character. The prosternum of 
some gyrophaenines is a narrow bar with little posterior 
extension between the coxae, but in others extends 
posteriorly to various degrees between the anterior coxae as 
a broad process. A broad prosternal process may reduce the 
width:length ratio of the prosternum independently of 
pronotal width. 

The prosternum is generally horizontal, but in 
Specimens of a few species (e.g., Encephalus americanus) , 
the prosternum is more or less declivous posteriorly. 

The prosternum of some gyrophaenines is ornamented by 
various carinae, spines, or knobs. Most specimens of 
Gyrophaena, Eumicrota and Encephalus have a fine transverse 
Carina extending from the antero-lateral margins of the 
prosternum posteriorly and medially (Figure 142). A 
Similar, but more marked, transverse carina on specimens of 
Adelarthra barbari protrudes medially as a prominant 
transverse tooth. Specimens of Agaricomorpha, Sternotropa, 
Brachida and Pseudoligota lack this transverse Carina, but 
have a more or less marked medial knob, carina or spine, 
The prosternum lacks ornamentation in specimens of some 
species (€.g., some Phanerota, Figure 144). These 
prosternal character states are useful at a variety of 
taxonomic levels. The general form of the modification 
(e.g., with transverse carina or with medial protuberance) 


is consistent among members of many higher taxa, while the 
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Specific form of the general type of modification may vary 
interspecifically. 

In the great majority of gyrophaenines, the inner edge 
of the hypomera and the postero-lateral margins of the 
prosternum are very widely separated. However, in at least 
one species, Sternotropa brevicornis Cam., anterior coxal 
cavities are nearly closed behind by the approximation of 


these parts. 


3.1.1.14 Mesosternum and Metasternum 

The mesosternum and metasternum provide several 
character systems useful at a variety of taxonomic levels. 
Among most aleocharines, the middle coxae are contained in 
deep acetabula formed by these sclerites. In Specimens of 
most species the edges of the midcoxal acetabula are 
margined with a fine bead (Seevers, 1978). 
Mesosternum 

Among gyrophaenines, the mesosternum is well developed 
and quite broad in front of the midcoxae. In specimens of 
many Species of gyrophaenines, the mesosternum has a medial 
longitudinal carina. This carina is well developed and 
extends from the distal edge of the mesosternum to the apex 
of the process (e.g., specimens of Agaricomorpha, 
Figure 148),--or it is nore or less reduced, present only 
anteriorly on the mesosternum and absent or obsolete before 
the apex of the metasternal process. Specimens of some 


Species lack the mesosternal carina, but have in the same 


2° 


i’ ' 7 ’ a a 
/ + ak eel ee 
= a ore) eA} 
5 ck 
» 7 1 
c 3 
” 
, 7 y 
> dl -— -& 2 < * 
Si yf bie 
» yj 7 ] 
; + need 7a 
c23 MAD « 438 
ao re eee 
% 4 : Ls : 
“id 
‘ rm 
7 ah 
+ F ‘ 
= 2 . 
7 
s ad ~ A 
£31 ¢ 3 « S-an } % a 


7 


a | a | ae : 


‘oeeo%G ,beavbe: gael 20 sao tee 


a ee! . - - s * | : 4 
Oo ited >A “7 30 Miegds bins aut ese 


212 - j GY 
é 4 ] >] a. ; 6 Pe f oe a ’ 1 = 
wy Oo Stantorg® \aasedsg tina 


; oy “> fT £. 
) Hd eo i . 

are. af 4 r a 

ome ei ai ovad) qua “ea kied | ant 
ee | : Avy |} pe ha a ; 
. o » hit 

“i > i : fi ih 7 
= - 7 > =e uy, 


80 
position a more or less diffuse, low to very low ridge 
(e.g., Brachycara, Figure 250). Still other gyrophaenines 
lack any medial modification so that the mesosternum is 
smooth medially (species of Gyrophaena, Phanerota and 
Eumicrota; Figures 150, 151). In most instances, presence 
or absence of a medial carina or low ridge is constant among 
members of a species within a genus, or even at Suprageneric 
levels. 

Many other aleocharines have a similar carina, and a 
complete, well developed carina is characteristic of most 
bolitocharines. Probably presence of a medial longitudinal 
Carina on the mesosternum is primitive within the 
gyrophaenines, and reduced conditions derived. 

The mesosternum of most gyrophaenines is more or less 
horizontal, but the mesosternum of members of Encephalus is 
abruptly turned dorsally in front of the middle coxae so 
that it is more or less vertical in lateral view. 

The mesosternum of most aleocharines has a medial 
posterior process more or less extended between the middle 
coxae. Among gyrophaenines, this process is very broad and 
extends a considerable distance between the midcoxae 
(discussed further below). 

Intercoxal Process 

The beaded margin which delimits the midcoxal acetabula 
also delimits a pair of processes, on each of the 
mesosternum and metasternum, which extend more or less 


between the midcoxae. Among aleocharines these intercoxal 
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Processes differ in length, width, distance each process 
extends between the coxae, and degree of Separation of 
apices of the processes. In those instances in which the 
mesosternal and metasternal processes are not contiguous, 
they are joined by an anterior extension of the metasternum 
termed the "isthmus" (Seevers, 1978). The isthmus is 
extended anteriorly beyond the Margined apex of the 
metasternal process and, most aleocharines, is in a more 
dorsal plane than the metasternal process. Relative 
development of the mesosternal process, isthmus and 
metasternal process between the middle coxae, and degree of 
Separation of the middle coxae by these processes provide 
very useful character systems at generic and Suprageneric 
levels. Measurement of relative lengths of these processes 
is discussed in Section 2.2.5. 

In members of the subtribe Gyrophaenina, the intercoxal 
processes are very broad between the middle coxae, so that 
the coxal cavities are widely separated (Figure 149). In 
addition, in most gyrophaenines, the mesosternal and 
metasternal processes are broadly contiguous or fused 
between the coxae, and the isthmus is absent. In specimens 
of Agaricochara laevicollis (Figure 152), the apices of the 
intercoxal processes are very slightly separated and there 
is a short isthmus (relative lengths 7:0.5:4). 

The apices of the processes at the juncture are 
truncate or broadly rounded. The junction between the 


intercoxal processes is delimited by a distinct suture 
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(Figure 149) (e.g., most Gyrophaena and Phanerota), or the 
processes are more or less indistinguishably fused 

(Figure 154) (e.g., most Sternotropa, Brachycara, and 
Pseudoligota). In many gyrophaenines with fused processes, 
the juncture between them is Slightly beaded, or the 
Processes are distinguished by differences in 
microsculpture. Under these conditions, relative lengths of 
the processes may be estimated. In other gyrophaenines, the 
processes are indistinguishably fused (e.g., in many 
Pseudoligota) and accurate estimates of the relative lengths 
of the processes cannot be made. 

Relative lengths of the two processes provide useful 
character systems at the generic level in gyrophaenines. 
Among members of most genera, variation in this character 
System is relatively slight, but is Quite extensive ina few 
genera (e.g., Gyrophaena). This character system should 
therefore be used with caution. In most members of 
Agaricochara, Phanerota, Eumicrota, Sternotropa and 
Brachycara, mesosternal process attains the middle of the 
coxal cavities, or slightly posterior to the middle of the 
coxal cavities. Among members of Gyrophaena the mesosternal 
process is various from extended to slightly posterior to 
middle of the coxal cavities, to extended to the apex of the 
coxal cavities. In specimens of Brachida, the mesosternal 
process attains or almost attains the posterior margin of 
the coxal cavities. In specimens of Encephalus, the 


mesosternal process extends to the posterior margin of the 
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midcoxal cavities so that the metasternal process is absent. 


3.1.1.15 Metepisternum and Metepimeron 

These two elongate pleurites are immediately dorsal to 
the metasternum. In the generalized condition, these 
sclerites are covered uniformly with numerous irregularly 
scattered setae. Among gyrophaenines, this condition is 
present in specimens of Probrachida, Brachycara and some 
species of Brachida (Figures 158, 249). All bolitocharines 
(=group Bolitocharae of Seevers, 1978) and many other 
aleocharines also have numerous irregularly scattered setae 
on these pleurites. 

Modification of this generalized condition has occurred 
a number of times in the aleocharines. Modification has in 
most instances resulted in reduction of the number of setae 
on the metepimeron to a few scattered setae near the 
posterior margin, and reduction of the setae on the 
metepisternum to two irregular rows, one well developed row, 
or loss of setae from this sclerite altogether. 

Among gyrophaenines, in addition to the generalized 
State described above, three states of the number and 
development of setae on the metepistenum are recognized. In 
Specimens of Pseudoligota, many Agaricomorpha and many 
Sternotropa, the setae on the metepisternum are in two 
irregular rows (Figures 159, 160, 248). In specimens of 
Adelarthra (and Encephalus zealandicus) only a few scattered 


setae are present on the posterior third of the metepimeron. 
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In specimens of Gyrophaena, Phanerota and Eumicrota setae on 
the metepisternum are in a Single more or less well 
developed row. In addition, in specimens of some Species of 
Gyrophaena and Phanerota this Single row of setae is 
bordered anteriorly and ventrally by a more or less 
indistinct carina (Figures 156, 246). 

To my knowledge, this character System has not been 
Studied previously among the aleocharines. Therefore, 
distribution of the states of this character, and taxonomic 
levels at which these characters are Stable are inadequately 
known. The general usefulness of this character system 
within the aleocharines is thus uncertain. States of this 
Character system in gyrophaenines are more or less stable at 
the generic or suprageneric level. However, a Single well 
defined row of peede has apparently evolved several times 
within the gyrophaenines. This is indicated by presence of 
both numerous scattered setae and a Single row of setae 


among members of the same genus (e.g., Agar icomorpha) . 


3.1.1.16 Legs 

AS pointed out by Seevers (1978), legs of most 
aleocharines do not have outstanding characters for 
taxonomic study. Number of tarsomeres per leg differs in 
different groups, and this has been used in constructing 
classification systems that seem artificial (see Fenyes 
1918, 1921). However, while tarsal formula should not be 


ignored, it is not, taken alone, a reliable character system 
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for recognition of monophyletic groups (Seevers 1978). 

All gyrophaenines and most other members of the tribe 
Bolitocharini have a 4-4-5 tarsal formula, but this formula 
is not limited to this group. 

Aleocharines have an empodial seta between the tarsal 
claws. This seta is shorter than, as long as, or longer 
than the tarsal claws. Among gyrophaenines, the empodial 
seta is shorter than the tarsal claws. 

Relative lengths of tarsomeres 1 and 2 of the hind leg 
is characteristic of many genus-level or suprageneric-level 
groups among gyrophaenines. Hind tarsomere 1 of 
gyrophaenines has a more or less distinctly developed 
ventro-lateral ctenidium of 6 to 15 or more setae 
(Figure 161). The ctenidium is probably involved in 


cleaning activities. 


So. 1217 Wings 

All known gyrophaenine adults are fully winged. Since 
adults must seek and colonize emphemeral, unpredictable and 
more or less widely dispersed habitats, loss of wings seems 
unlikely. Should a flightless gyrophaenine be found, the 
apterous or brachypterous condition would suggest that its 
members have fundamental differences in natural history from 
other Phone aandnschk 

Figures 137-140 show the variation in shape and vein 
patterns found among species of several genera of 


gyrophaenines. Figure 141 of the wing of Venusa sp. 
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(subtribe Bolitocharina) is included for comparison. There 
is little significant difference in the wings examined. In 
general, specimens of smaller Species have wings slightly 
more obtusely rounded apically, with less extensively 


developed veins. 


3.1.1.18 Abdomen 

Abdominal structure of staphylinids has been described 
in detail by Blackwelder (1936) and that of aleocharines by 
Fenyes (1918) and Seevers (1978). Interpretation and 
numbering of segments presented by Seevers (1978) is 
gecepted in this revision. 

Abdomens of aleocharines are composed of 10 segments, 
the last two of which are modified in connection with the 
genitalia. Terga 1 to 8 each bear a pair of spiracles. 
Segment 1 is more closely united to the metathorax than to 
the remainder of the abdomen. Both segments 1 and 2 are 
usually covered by the elytra and are not visible in repose. 
Sterna of segments 1 and 2 are membranous and not 
distinguishable (except for a second sternum secondarily 
present in a few termitophilous aleocharines (Seevers 
1978)). Segments 3 to 7 have, in addition to a tergite and 
sternite, a paratergite and parasternite on each side. 
Segment 7 has no Ly acheaniiee and segment 8 has only a 
tergite and sternite. The tergum of segment 8 has secondary 
sexual modifications in many aleocharines, especially in the 


male. These provide numerous characters for use at specific 
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and higher taxonomic levels. In all aleocharines except 
Gymnusa, the tergite of segment 9 is divided into two 
lateral lobes. Only the male has a ninth sternite. 

Among gyrophaenines, general Shape of the abdomen, 
punctation, setation and Shape and proportion of sclerites 
provide taxonomically useful character systems. 
Additionally, one or more of terga 3 to 7 may have a more or 
less pronounced transverse concavity. 

Also, among all gyrophaenines, the anterior margin of 
tergum 7 is modified for openings to abdominal glands. The 
distribution of this modification among other aleocharines 


is not known. 


3.1.1.19 Abdominal Tergum 10 

To my knowledge, character systems on abdomimal 
tergum 10 have not been previously used extensively in study 
of the aleocharines. However, tergum 10 contains a number 
of character systems of potential use at a number of 
taxonomic levels. These include: shape of the tergite, 
distribution of micro- and macrosetae, structure of micro- 
and macrosetae, and presence or absence of secondary sexual 
character states. 

The generalized aleocharine condition of tergum 10 is a 
flat trapezoidal paeeite in dorsal aspect, with a more or 
less dense patch of microsetae occupying the middle of the 
dorsum of the tergum. Probably, in the most primitive 


condition, this patch of microsetae was large, occupying 
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most of the dorsal surface, and was made up of numerous, 
densely arranged, unmodified setae. Most aleocharines also 
have three macrosetae (4 in some) on each side of the tergum 
near the posterior and postero-lateral margins. 

Modification of these character systems is quite extensive 
among aleocharines. While these may be useful for higher 
classifiction of aleocharines, distribution and variation in 
States of these systems need Study throughout the 
aleocharines before they can be applied effectively. 

Among gyrophaenines a number of character Systems of 
tergum 10 are useful in studies of classification and 
relationships of higher taxa. Specimens of Probrachida and 
Brachida exhibit the generalized condition described above 
(Figure 168). Specimens of Gyrophaena, Phanerota, 
Agaricochara and some Pseudoligota retain a more or less 
Square microsetal patch (setae reduced in number in some 
Species), but with microsetae more or less flattened and 
Subspatulate (Figures 162, 164, 169). Loss of setae antero- 
medially and postero-laterally results in one or a few rows 
of setae arranged in a distinct "V". This distribution of 
microsetae is found only among members of Eumicrota. From 
the generalized condition, loss of setae postero-medially 
results ina patch with an inverted "V"-shape (here termed 
"chevron-shaped"). A chevron-shaped setal patch 
characterizes members of Agaricomorpha (Figure 175) and some 
Sternotropa. Continuation of this trend towards loss of 


setae postero-medially and antero-laterally produces a 
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chevron-shaped patch made up of two (faintly 3 in some) 
distinct rows of ‘setae. This last condition characterizes 
most Sternotropa (Figure 170, 171), members of Brachycara 
(Figure 174) and Neobrachida. Microsetae on tergum 10 are 
flattened and subspatulate in most gyrophaenines. 

Additional modifications of character Systems on 
tergum 10 found among gyrophaenines include: elongation of 
the tergum posterior to the setae in some Gyrophaena (e.g., 
G. flavicornis Melsh. and G. fuscicollis species group); an 
additional macroseta on each side of the tergum (in males of 
the Gyrophaena pulchella species group); and secondary 
sexual modifications of tergum 10 in some Gyrophaena 
(particularly notable in members of the G. coniciventris 
Species group (see Seevers,1951)). 

Additional study of structure of tergum 10 would 


probably reveal other useful character systems. 


3.1.1.20 Female genitalia 

The vulva and vagina of most aleocharines are 
relatively simple. In some athetines, these are sclerotized 
and have spines, setae or hooks (Seevers 1978). Brundin 
(1942) has illustrated characteristics of the vagina of 
athetines. The vagina of gyrophaenines does not contain 
extensive sclerotized areas or hooks and spines. However, 
it would be surprising if internal structure of the vagina 
were not in some way modified in relation to the very 


complex and varied structure of the median lobe of the 
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aedeagus. Peschke (1978) found this to be so in females of 
Aleochara curtula. However, this has not been investigated 
in gyrophaenines. 

Spermathecae of gyrophaenines are sclerotized, the 
Shape being characteristic of Species or higher taxa in many 
groups. Form of gyrophaenine spermathecae is unique among 
aleocharines, as far as is known, in that it has a lateral 
plate-like flange on the neck (Figure 176). (Compare with 
Spermatheca of Bolitochara, Figure 191.) The spermatheca is 
Simple (for example, in members of Gyrophaena, Figure 176; 
Eumicrota, Figure 181; and Agaricochara, Figure 186), has 
the neck elongate proximal to the lateral flange (in members 
of Phanerota, Figure 179, 180), or has the neck elongate 
distal to the lateral flange (in members of Brachida, Figure 


184). 


3.1.1.21 Male genitalia 

Male copulatory organs of aleocharines have been 
described in detail by Brundin (1942), Welch (1964), Sawada 
(1972), Peschke (1978) and Seevers (1978). All of these 
descriptions are quite detailed and differ little in 
interpretation of aedeagal structure. However, they differ 
somewhat in terms proposed for these structures. In this 
treatment, I will my eae those proposed by Seevers (1978). 
A brief summary of the more detailed account in Seevers 
(1978) is necessary for discussion of this structure. The 


aedeagus of male aleocharines is unique among staphylinids. 
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It 1S made up of a more or less tubular median lobe and two 
mobile lateral lobes, or parameres. The aleocharine median 
lobe is not fundamentally different from that of other 
Staphylinids, but the parameres are very distinctive. While 
Parameres of other staphylinids are slender and made Upso£ 
only a single sclerite, those of aleocharines are expansive 
and made up of at least three distinct interarticulating 
sclerites. 

Median lobe: structure of a generalized aleocharine 
median lobe is shown in Figure 5A. It is a more or less 
tubular structure with an enlarged bulbous basal portion, 
and a more slender cylindrical apical part. The ejaculatory 
duct enters an internal sac (in.s.) which is everted into 
the vulva of the female during copulation. In many 
aleocharines, membranes of the internal sac are armed with 
numerous spinules, plates, and sclerotized areas which 
probably aid in correct placement of the sac in the vulva. 
A slender, more or less sclerotized, flagellum (f.) is 
present in the internal sac. The flagellum is hollow and 
functions to introduce sperm into the female tract. It is 
very long in many aleocharines an is probably inserted into 
the female spermathecal duct during copulation. On the 
underside of the median lobe is an oval sclerite which is 
attached to the main body of the median lobe by a thin 
membrane. This sclerite, the compressor plate (c.p) is 
moved by dorso-ventral muscles (dv.m.) which originate on 


the upper surface of the base of the median lobe. 
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Contraction of the dorso-ventral muscles pulls the 
compressor plate into the body of the median lobe, 
increasing the hydrostatic Pressure and causing eversion of 
the internal sac. The internal sac is retracted by a set of 
longitudinal muscles (l.m.) which Originate on the proximal 
Surface of the bulbous base. 

The ejaculatory duct (ej.d.) enters the median lobe 
through the median foramen (m.f.). In front of the median 
foramen are a pair of condyles (p.c.)} on which the parameres 
articulate. Sclerotized phragmata on the base of the median 
lobe serve as attachment for muscles of the parameres. A 
distal crest (d.cr.) in front of the paramere condyles and a 
proximal crest (p.cr.) behind the median foramen are present 
in many. Other thickenings for muscle attachment are 
present in some, 

Distally, the median lobe terminates in a more or less 
Slender apical process (a.p.). The apical process is highly 
modified in many aleocharines and is very iusetul in 
SyStematic study at both species and higher taxonomic 
levels. 

In many aleocharines, there is a hinged sclerite, the 
Ostial lamella (0.1.), which closes the apical orifice of 
the median lobe when the internal sac is in repose. 

A generalized gyrophaenine median lobe is shown in 
Figure 5B. The gyrophaenine median lobe differs primarily 
in that there is no eversible internal sac. Instead, a more 


Or less tubular or cylindrical flagellum is exerted and 
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93 
slides in and out of the basal portion of the median lobe in 
response to hydrostatic pressure or contraction of 
longitudinal muscles. It is not certain that this flagellum 
is homologous to that found in the internal sac of other 
aleocharines. The median lobe does not have a complex 
internal array of Spines, plates, or sclerotized areas. 

At the base of the flagellum of gQyrophaenines is a more 
or less membranous, transparent, globular Structure, the 
function of which is unknown. 

A great many characters, useful at a number of 
taxonomic levels, are found in the median lobe of 
Qyrophaenines. These modifications are too varied to 
discuss in detail here. They are considered further in the 
generic descriptions. In general, the apical process is 
very long and slender (Figure 197), blade-like (Figure 203), 
highly complex (Figure 193) or has many other modifications. 
The basal portion is variously modified, and the flagellum 
is tubular (Figure 192), very long and whip-like (Figure 
197) or sclerotized and complex (Figure 194), 

Parameres: Parameres (Figure 6) are composed of three 
Sclerites: the condylite (con.), the paramerite (pare); and 
the apical lobe of the paramerite (ap. ite 

The condylite is a relativley slender structure which 
articulates with the paramere condyles of the median lobe. 
The paramerite articulates with the condylite near the apex 
Seetheplatter. The proximal 1/2 to-1/3 of the paramerite 


bears more or less markedly sclerotized phragmata internally 
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for muscle attachment. In most, the distal portion of the 
paramerite is delimited from the basal portion by a less 
sclerotized "hinge zone" (h.z.). Distally the paramerite 
bears two independently mobile structures, the apical lobe 
of the paramerite (ap.1.) and the velar sac (v.s.). The 
apical lobe of the paramerite of most gyrophaenines is 
filiform and bears 4 large setae. Size and Shape of the 
apical lobe and relative placement and development of the 
setae provide characters useful at a number of taxonomic 
levels. In some, the apical areas of the paramerite and the 
apical lobe have a number of sensory or glandular pores. 
The oblique row of pores on the apical area of the 
Paramerite is particularly distinctive of gyrophaenines 
(Figure 218 and others), though not limited to this group. 

A submembranous velar sac is a unique element of the 
paramere of aleocharines. The velum is a complex structure 
made up of contributions from both the condylite and the 
paramerite. The velar sac is probably sensory or adhesive 
and is distended by increasing hydrostatic pressure. 

Among gyrophaenines, a number of useful character 
Systems are found in the parameres. These include: 
Variation in size and shape of apical lobe of paramerite; 
differences in size and placement of setae of apical lobe; 
differences in position and development of phragmata; and 
Others. These are discussed more fully within the generic 


Bescriptions. 
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3.1.2 Natural History 
Sele tia babitat 


3.1.2.1.1 General Distribution 

As far as is known, all gyrophaenines are obligatory 
inhabitants of fresh fruiting bodies of gilled and polypore 
mushrooms aS both larvae and adults. However, as discussed 
more fully later (Section 5.4.2), gyrophaenines are seldom 
encountered on many groups of fungi producing fruiting 
bodies commonly called "mushrooms". Adults colonize 
mushrooms soon after spore producing tissue is exposed, and 
both larvae and adults are found on more mature mushrooms. 
Both adults and larvae feed exclusively by "grazing" on the 
Spore producing layer (the hymenium). Because of this 
requirement for an active hymenium layer, gyrophaenines 
inhabit only fresh mushrooms. By the time the mushroom 
begins to decay all gyrophaenines (both larvae and adults) 
have usually left. 

Adults and larvae of those gyrophaenines which live on 
gilled mushrooms are in spaces between the gills. They are 
almost never on the cap, stem, base or other parts of the 
mushroom, and they do not burrow into the flesh of the 
mushroom. 

Adults and larvae of those species which normally live 
on polypore mushrooms are usually found on the pore surface. 
Pores of many polypores are too small to admit the beetles. 


However, some polypores have larger pores (e.g. Daedalea 
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and related mushrooms), and both larvae and adults 
are commonly found in the pore tubes or sinuations. 

Because of the apparent affinity of Qyrophaenines for 
tight places, both larvae and adults of those species on 
polypores often take refuge from the exposed pore surface in 
cracks, crevasses, holes due to insect damage, and under 
bits of bark at the base of the mushroom. 

Occasionally adults and very rarely larvae are found 
under or in logs, especially if fungus covered, or in leaf 
litter at the base of logs. Adults may also be found in 
moist or moldy leaf litter or in leaf litter beneath 
mushrooms. 

Specimens of some genera (Brachida, Encephalus) are not 
commonly found on mushrooms. Little is known about habits 
of members of these genera. Brachida exigua (Heer) is 
collected in Europe most commonly from grass tufts and 
ground litter (Lohse, 1974), but Benick (1952) reports it 
from a tree-fungus. Encephalus complicans (Westw.) is 
commonly collected in hay and rotting grass, often in bogs 
(Lohse, 1974). 

No habitat information is available for specimens of 
Probrachida. I have collected 2 specimens at light, and I 
have seen 1 specimen from "moist litter". Unfortunately, 
Sharp (1883) did not provide collecting data for members of 
this genus. 

Cameron (1939) reported Adelarthra barbari from "rotten 


log" and "in log with ants". Label data from the 2 known 
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Specimens of this species are "debris" and "wood (rotten)", 
These may have been associated with fungus (probably 
polypores) on the logs. An obligatory or facultative 
association with ants seems unlikely. 

Gyrophaenines are rarely found on rotting fruit or by 
Sweeping vegetation. These are almost certainly atypical 


habitats for these insects. 


3.1.2.1.2 Aggregation of gyrophaenines 

Adults, and, on more mature mushrooms, larvae, are 
commonly found in very large numbers on mushrooms. For 
example, in one collection more than 750 individual adult 
gyrophaenines were collected from a Single fruiting body of 
Amanita verna (Fr.) Quel. While this large number of 
individuals per mushroom is exceptional, it is common to 
find tens of individuals per mushroom, and not unusual to 
find 100 or more individuals per mushroom. 

Fenyes (1918) (after Ganglbauer) stated that specimens 
of Gyrophaena form "colonies" on gilled mushrooms. This may 
be taken to imply some sort of societal Organization and is 
misleading. Gyrophaenines are opportunists and are simply 
attracted individually to fresh mushrooms where they form 
aggregations. 

There is, however, some evidence that gyrophaenines may 
be gregarious. In many groups of mushrooms of the same 
Species, one or a few of the fruiting bodies have large 


concentrations of gyrophaenines, while others have few or 
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none of these beetles on them. In addition, on a single 
collecting trip many fruiting bodies of a Species of 
mushroom may be sampled which produce few or no 
Gyrophaenines, then a specimen will be found on which 
Qyrophaenines are concentrated in large numbers. This 
suggests that gyrophaenines may be actively aggregating. A 
possible aggregation mechanism might be use of pheromones. 
Such aggregation pheromones have been hypothesized for 
fungus beetles of the family Ciidae (Lawrence, 1973). 
Advantages of aggregation might include increased 
contact and subsequently better mating success, and perhaps 
Surety of being attracted to a mushroom already found to be 
a suitable host by other gyrophaenines. There are, however, 
other possible explanations (other than active aggregation) 
for these discontinuous distributions. These include 
undetected differences in age or physiological condition of 
the mushroom and possibly chance (random) effects such as a 
fruiting body developing near a previous concentration of 
Qyrophaenines (€.g., a concentration of larvae which emerge 
to adults, overwinter concentration, concentration of adults 


leaving a nearby previously occupied mushroom, etc.). 
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3.1.2.1.3 Feeding Habits 

All gyrophaenines appear to be totally mycophagous as 
both larvae and adults. There is no indication that they 
are predaceous (even facultatively) at any stage of the life 
cycle. Both larvae and adults "graze" maturing spores, 
basidia, cystidea and hyphae from the hymenium layer of the 
mushroom. White (1977) reports that Peedingeactivities cof 
gyrophaenines leave "broad lines over the gill surface where 
Spores and basidia are absent" (p.307). My own observations 
Seancurs 

Maxillae of gyrophaenines appear to be the main feeding 
Structure. They are strikingly modified for "grazing" on 
the hymenium layer of mushrooms (see Section 5. Bh lew) ¢ 
rapidly scraping the hymenium as the beetle feeds. The 
mandibles usually also work at the same time as the 
maxillae. However, grazing movements by the maxillae are 
often observed without corresponding movements of the 
mandibles. 

Function of the mandibles is unclear. They are not 
highly modified for fungus feeding. They could serve as a 
Shearing device, but this seems unlikely since they are 
above the maxillae in relation to the hymenial surface. 

They may also scrape the collected fungus material from the 
Spore brush of the maxillae and form it into a bolus. 
Seevers (1978) noted that all bolitocharines have a molar 
region on the inner face of the mandibles beset with rows of 


small denticles. He suggested that this is an adaptation 
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for eating hyphae and spores of fungi. All Gyrophaenina 
have well developed rows of small teeth on the molar region. 
This region of the mandible possibly grinds spores and 
hyphae grazed from the hymenium. However, whole mount slide 
preparations of many species of gyrophaenines indicate that 
in normal position, the molar surfaces of the mandibles are 
quite distant from each other, and probably cannot grind 
against one another. It remains possible that these 
Surfaces grind food against ridges on the epipharynx. In 
this regard, it is interesting to note that while the 
maxillae of gyrophaenine larvae are remarkably like those of 
adults, the mandibles are much Simpler and lack a molar 
Surface. Therefore, although larvae appear to be scraping 
the hymenium in a way similar to that of adults, they 
apparently do not have to subsequently grind the material 
thus obtained. 

Those gyrophaenines which live exclusively on polypore 
fungi often cannot get into the pores of the mushroom to 
feed directly on the hymenial layer. Therefore, they may 
have a fundamentally different feeding activity than the 
hymenium "grazing" of those gyrophaenines which live on 
gilled mushrooms, or those which live on polypores with 
large pores. I have not observed feeding activity of 
Qyrophaenines on polypores with very small pores, nor has 
this been described in the literature. It seems likely that 
larvae and adults of these beetles Simply graze the maturing 


spores, hyphae and basidia which protrude from the pore 
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mouths. This is suggested by examination of gut contents of 
larvae of Agaricomorpha apachaena (Seevers). Larvae and 
adults of this species live in Fomes Species in the 
Southwestern U.S. Fruiting bodies of this fungus have very 
tiny pores. Guts of these larvae were filled with a mixture 
of mature fungus spores, broken cells, and masses of hyphae. 
Interestingly, those gyrophaenines which live on woody 
polypore mushrooms have a lacinial Spore brush with 
relatively more numerous, closely spaced, shorter teeth (in 
comparison to those which live on gilled mushrooms). This 
Spore brush structure is probably in some way related to 
requirements of feeding on woody polypores (see Section 


amo. 2). 


3.1.2.2 Life History 


3.1.2.2.1 Diel Activity Patterns 

Very little is known about the daily activity patterns 
of gyrophaenines, and virtually nothing has been published 
on this aspect of gyrophaenine natural history. However, 
Some circumstantial evidence seems to indicate that 
Qyrophaenines are mostly diurnal. 

Ashe (1981a) reports colonization of mushrooms by 
adults of Phanerota fasciata (Say) late in the afternoon, 
In addition, I have observed instances of colonization of 
mushrooms by various species of Gyrophaena. All were during 


the day and most were mid- to late afternoon. These 
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observations, though, may only reflect a temporal collecting 
bias. 

All gyrophaenine species have well developed eyes 
(particularly large in Phanerota species). This Suggests 
that vision plays a role in orientation CLO OracolLonrzation 
of, mushrooms. While it is true that a few gyrophaenines 
are found at lights, they are not abundant there, and 
certainly gyrophaenines do not form Darteof=theatypical 
assemblage of staphylinids found at lights. This suggests 
that gyrophaenines do not have major periods of dispersal at 
dusk or during evening, characteristic of many staphylinids 
— in particular those which live in many other temporary 
habitats. 

Feeding by larvae and both mating and feeding by adult 
gyrophaenines have been observed numerous times on mushrooms 
during daylight hours. I do not know if these activities 
continue during periods of darkness. However, rapid growth 
of gyrophaenine larvae, especially the very short duration 
of instars I and II (see below), suggests that feeding may 
be almost constant, at least during early stages. 

Continuous feeding activity may be a requirement of those 
Species which live on rapidly decaying gilled mushrooms. 
Nothing is known of activity patterns of those gyrophaenines 
which live on more persistent polypore mushrooms. However, 
the requirement for rapid larval development may be less 
Stringent in these habitats, and this may in turn affect the 


diel activity patterns of larvae of those species which 
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occur there. 

In addition, several instances in which ecdysis from 
mstar dito Wleorsinstare dito 111 occurred during periods 
of darkness are known (personal observations) further 
Suggesting that activity may be continuous. 

In summary, although there is little direct observation 
of daily activity of gyrophaenines, circumstantial evidence 
Suggests the following may be characteristic. Adults are 
predominately diurnal, and dispersal and colonization of 
fresh mushrooms occurs during the day. However, Sporadic 
adult activity may occur at night. Larval activity may be 
virtually continuous throughout a 24 hour period, but this 


may vary according to the specific mushroom habitat used. 


3.1.2.2.2 Life Cycle and Seasonal Activity 

In comparison to the marked diversity of gyrophaenines 
little detailed information about life history and seasonal 
activity is available. Much must be inferred from 
Circumstantial evidence. The only detailed study of life 
history of a gyrophaenine was about Phanerota fasciata (Say) 
(Ashe, 1981a). Because of this study, natural history of 
those species which live on gilled mushrooms is better 
known. Great opportunity exists for life history studies 
within the gyrophaenines. Ashe (1981a) emphasized the ease 


with which these may be done. 
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3.1.2.2.2.1 Colonization of mushrooms 

Because adults mate, lay eggs and feed, and larvae 
mature on a mushroom before it rots, ability to find and 
colonize young fresh fruiting bodies is of vital importance 
to gyrophaenines. Adult gyrophaenines are often among the 
first insects to colonize fresh mushrooms, and are often 
found in gilled mushrooms soon after the gills are exposed. 
Colonization apparently occurs by adults flying to the fresh 
mushrooms. Ashe (1981a) reports adults of Phanerota 
fasciata flew over the mushroom, landed on the cap, then ran 
around to the undersides. I have observed similar activity 
by members of other species. 

It is not known how gyrophaenines find mushrooms. 
However, mushrooms produce a variety of volatile chemicals, 
and it is reasonable to expect that at least part of the 
attraction of gyrophaenines to mushrooms is an Olfactory 
response to these chemicals. 

Gyrophaenines may make the decision about whether a 
mushroom is a suitable host before or after arriving on the 
mushroom. Adults may respond only to mushrooms with certain 
chemical and physical characteristics. On the other hand, 
Qyrophaenines may be attracted to a wide variety of 
mushrooms and accept or reject each as a host after 
exploratory feeding or other activities on the mushroom. It 
is most likely that both of these are factors in host 


choice. 
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Although the mechanism of host finding by gyrophaenines 
is unknown, it is, as indicated above, apparently quite 


efficent. 


3.1.2.2.2.2 Mating 

I have observed mating by gyrophaenines including 
P. fasciata (Ashe 1981a) on both polypores and gilled 
mushrooms, and surmise that mating normally occurs on the 
mushroom, 

Mating by members of P, fasciata is Similar to that 
described for Aleochara curtula by Peschke (1976). The male 
bends the abdomen forward over his dorsum, extrudes the 
aedeagus and attempts to make contact with the female's 
abdomen. If contact is effected, the median lobe of the 
aedeagus is inserted into the genital chamber of the female 
and copulation is initiated. Among most aleocharines which 
use this mating position male and female may face in the 
Same direction with the male slightly behind and to one side 
of the female. This orientation is commonly found among 
Qyrophaenines. However, among those which occur in gilled 
mushrooms, a slightly different mating configuration is 
often observed. After copulation is initiated as described 
above, the male may straighten his abdomen and take a 
position on the mushroom gill facing the one the female is 
on. In this position the bodies of the male and female form 
an angle of 180° to each other, face in opposite directions, 


and each is upside down in relation to the other. This 
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position has been described in P. fasciata (Ashe, 1981a) and 
I observed it in a number of species of Gyrophaena which 
live in gilled mushrooms. 

This position is a relatively simple modification of 
the "typical" mating orientation and is probably limited to 
those species which occur on gilled mushrooms or Similar 
habitats in which two closely opposing surfaces are 
available for members of a mating pair to stand on. 

It is not known whether females must mate on each 
mushroom before egg laying is initiated, or whether females 
previously mated on another mushroom can begin egg laying 
activities immediately after colonization of a mushroom. 
This is important, especially for those species which live 
on gilled mushrooms, since the relatively short life of many 
gilled mushrooms may place severe constraints on time 


available for completion of life cycles. 


3.1.2.2.2.3 Oviposition and eggs 

Observations of oviposition by gyrophaenines have not 
been published. I have not observed this process, nor have 
I observed eggs of those species which live on polypores. 
Therefore, these comments are limited to those Species which 
Occur on gilled mushrooms. It is reasonable to assume that 
€gg laying will be similar in those species which occur on 
polypores, but this remains to be verified. 

Ashe (1981a) reported finding eggs of P. fasciata on 


Specimens of a species of Russula (prob. R.foetans (D.C. ex 
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Fr.). The eggs were arranged in loose irregular clusters of 
4 to 14 on the surface of the gills "with the long axis of 
the egg parallel to the gill surface." These eggs were 
ovoid, white, translucent, and measured 0.39 x 0.43 mm. 

I have also observed eggs of Gyrophaena (Phenogyra) 
californica Csy. on a species of Paxillus. These eggs are 
Similar to those of P. fasciata and were also found in loose 
clusters on the gills. These, however, were also found in 
loose rows at the base of the gills. Larvae hatched from 
the eggs of both species. Larvae from eggs of P. fasciata 
Were reared to adults. 

These observations are in contrast to those of White 
(1977), who reports finding eggs of Gyrophaena gentilis 
Erichson "laid singly into the proximal margin of the gills 
of Tricholmopsis rutilans (Fr.) Sing." O10 7 hee This 
seems to imply that eggs are inserted individually into the 
gill margin near the base. This is different from egg 
positioning described above. This discrepancy cannot be 
reconciled at this time. However, White does not actually 
report having observed these eggs hatch into gyrophaenines. 
Also, since gyrophaenine females lack a sclerotized 
Ovipositor, it is not clear how the eggs are inserted into 
the gill flesh. 

Topp (1975) reported that adult females of Bol itochara 
Junulata Payk. and Aleochara moerens Gyll. take their eggs 
in their mandibles immediately after oviposition and deposit 


them in a suitable hiding place. Later (1977) he reported a 
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Similar activity among females of several athetine species 
and suggested that this may be a characteristic habit of 
aleocharines. It is not known if females of gyrophaenine 
Species rearrange their eggs after Oviposition, 
Oviposition probably occurs very soon after 
colonization. Supporting this suggestion is the fact that 
Ashe (1981a) found eggs of P. fasciata on a mushroom which 
was being colonized. However, circustantial observations 
made while retaining adults with fresh mushrooms suggest 
that there may often be a longer pre-oviposition period 


Becer colonization. 


Beale 2.2.2.4 ECLOSIon 

Ashe (1981a) has described eclosion in larvae of 
P. fasciata. Quick, jerking movements were observed within 
the chorion as early as an hour before eclosion. Eclosion 
is effected when the larva Straightens its body and splits 
the chorion at the head end. The larva crawls free and the 
chorion collapses. Egg bursters have not been observed in 
instar I larvae of gyrophaenines. Ashe (1981a) suggested 
that small teeth on the outer surface of the mandibles of 
instar I larvae of P. fasciata may serve to abrade the inner 
Surface of the chorion during the quick, jerking movements 
which proceed eclosion. 

Ashe (1981a) reported that larvae of P. fasciata begin 
feeding immediately, often before completely free of the 


Chorion. This rapid initiation of feeding activity after 


a> 


) aa A v7 
7 4 . 
1 j 
| dl bY 
136 we . ator nod Ste 
ee: inal 
PERM) Biwot a 
oe 
b -WG > t25 ay > wre ey Ler. | ba inoLan Bs. 
7 ‘ bs: puiiieien. eit 


wis 


; | | Uta os hh 
| ; ' , . , ed ogi bas yen oy 
| bow ‘dil oe 
meee 
e 


nd fern i 


vada wie doce 


ae 
J a 


‘1 
f 


109 


eclosion is probably typical of gyrophaenines which live on 
gilled mushrooms. 

Based on circumstantial evidence, Ashe Suggested that 
the incubation period of eggs of P. fasciata is about 24 
hours at room temperature (22-24°C). The mushroom was being 
colonized at the time of collection, Suggesting that adults 
had not been on the mushroom long. All eggs hatched at very 
nearly the same time, and all eggs had hatched within 22 
hours of collection. Eggs of most other gyrophaenines which 
occur on gilled mushrooms probably have incubation times 


which do not vary greatly from this. 


o.1.2.2.2.5 Growth and development of larvae 

Growth and development of gyrophaenine larvae is very 
rapid. Again, the only detailed data available for larval 
development are for P. fasciata. However, my observations 
incidental to rearing a number of species of Gyrophaena 
indicate that developmental times reported for P. fasciata 
are very Similar to those of many other gyrophaenines — at 
least those which occur on gilled mushrooms. 

Gyrophaenines have 3 larval instars. At room 
temperature larvae of P. fasciata completed instar I in an 
average of 14.2 hours, instar II in 14.8 hours and instar 
III (to the time the larva left the mushroom) in about 2 
days. Thus the entire larval period on the mushroom 
occupied only about 3 days with the first 2 instars 


completed in about a day. 
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When instar III larvae are mature (at the end of about 
3 days of larval life), they become restless and begin to 
Crawl away from the mushrooms. These larvae push their way 
into cracks or interstices of the litter and soil and begin 
to form pupal cells. 

While observations indicate that this description of 
larval development is true for most species which occur on 
gilled mushrooms, it is not known whether it also applies to 
larvae of those gyrophaenines which live on polypore 
mushrooms. The greater longevity of polypores, the fact 
that they do not produce spores in this abundance Over such 
a short period of time as do gilled mushrooms, and the fact 
that polypores may produce Spores sporadically rather than 
continuously, may seriously affect rates of larval 
development. Nerves of gyrophaenines which live on 
polypores may require much longer to develop than those 


which live on gilled mushrooms. 


3.1.2.2.2.6 Pupal cell formation and pupation 

Pupal cell formation begins soon after a larva crawls 
into the soil. 

Construction of pupal cells by larvae of Gyrophaena 
nana Payk. has been described by Ashe (1981b). After 
selection of a space between substrate particles, a larva 
begins to enlarge and shape it by rearrangement of the 
Substrate particles with its mandibles. Silk is extruded as 


a clear, colorless droplet at the apex of the abdomen. This 
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droplet is touched to the substrate and drawn out aS a thin 
thread. Silken threads are used to bind Substrate particles 
in position. Completion of the pupal cell requires 12-24 
hours. 

The completed pupal cell is ovoid or spheroid and 
consists of a mass of substrate particles held together by a 
loose to dense network of fine silk fibers. The center of 
this cell is occupied by a more or less densely woven 
coccoon within which the larva pupates. Pupal cells 
constructed in this way are probably typical of most 
aleocharines. After completion of the pupal cell the larva 
becomes inactive and shortens and thickens to form a 
Prepupa. Ecdysis to the pupa occurs 2-3 days later. 

Duration of the pupal stage varied from 8-12 days for 
P. fasciata, but I have observed pupal stages as short as 5 
days (Gyrophaena nana) and as long as 14 days (Several 
Species). 

After ecdysis, most teneral adults remain in the pupal 
cell 1-2 days before emerging from the soil. Many adults 
are still teneral when they emerge from the soil, but are 
Quite active and able to fly well even though sclerotization 
is incomplete. Probably these newly emerged adults colonize 
fresh mushrooms immediately if these are available. Teneral 
adults are fairly common on fresh mushrooms in late summer. 
However, they may become semidormant in leaf litter or under 


logs if fresh mushrooms are not available. 
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Because generation time is short, and newly emerged 
adults can immediately colonize fresh mushrooms, more than 
one generation per year is possible. Batten (1973) reported 
that Gyrophaena gentilis Erichson is bivoltine in Holland. 

I do not know if number of generations per year is 
genetically determined for each Species, or if number of 
generations per year is indeterminate and varies with length 
and climate of the growing season and with length of cane 
fresh mushrooms are available. 

While the above summary of a probable multivoltine life 
history seems correct for most species of Gyrophaena, some 
may be obligatorily univoltine. A number of my attempts to 
rear larvae of several species of the Gyrophaena pulchella 
Species group (Seevers, 1951) have failed. Mature larvae of 
members of this group burrow into the soil and form pupal 
cells. However, I have not been able to get them to 
complete development to pupae. Larvae Simply remain in 
pupal cells until they die 1-2 weeks later, which suggests 
that some essential requirement for pupation is not being 
Supplied. This contrasts Sharply with the ease with which 
other species of Gyrophaena have been reared. While other 
hypotheses are possible, at present the most Simple 
explanation for these observations is that members of the 
G. pulchelja group require a diapause period, probably cold 
induced, to initiate pupation and subsequent development. 

If this is true then they are probably univoltine. While 


the hypothesis that members of the G. pulchella group are 
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obligatorily univoltine requires comfirmation, it suggests 
that other species of gyrophaenines may also have only a 


Single generation per year. 


3.1.2.2.2.7 Seasonal activity 

Seasonal activity patterns of gQyrophaenines are 
determined chiefly by fruiting cycles of mushrooms. In 
general, gyrophaenines may be active throughout the summer 
and early fall whenever mushrooms occur. However, 
individual species may have more restricted periods of 
activity, which for at least some species, seem to 
correspond primarily to appearance of a particular 
assemblage of mushrooms, probably including preferred 
host(s) of that species. 

A particularly striking example of a restricted period 
of activity is illustrated by two years of observations of 
the habits of Gyrophaena simulans Csy. near College Station, 
Texas. In this area mushrooms are common from late spring 
until late fall following periods of wet weather. 
Gyrophaenines are found on mushrooms any time fruiting 
bodies Occur, with specimens of most species present 
throughout the fruiting season. During the two seasons that 
I collected around College Station, adult specimens of 
G. simulans were very rarely encountered during most of the 
fruiting season. However, in mid to late October, adults of 
this species began to appear in abundance on fruiting bodies 


of Tricholoma (prob. T. sulfureum Fries) which first fruited 


4. 


eae ty 


& ¥ 
on 


795 set tal oO 


| 4 
| sapen'9 toss Yor 
2 bat ae 


4 at 2 a. 
r 
; ‘ 
; , 
. . ~ 
4 a = 
te a 
I ie 
‘4 
o fees 
; sills 7 eeu yi -£3897Thvosns ‘tie 
~~ IFC GVO CIS Vis 
. 
‘ jee 


ean > dap , x? : 
2 Fs >? oS é ' io ~~ it 
| | x vatt ShE oe 
. 7 a Tate: a spot ; sates | 
Sige? 2s 3 vu i (oh Auge- fé- 9 { 


. - 7 ‘ 
- a ter tua 7 2% + : ef hh nf Rion 


114 


at that time. A large number of adults and larvae of 

G. simulans were found throughout the fruiting period of 
this mushroom. With cessation of fruiting of this species 
of Tricholoma, G. simulans virtually disappeared from the 
gQyrophaenine fauna until the next October. Even during the 
time of maximum beetle activity, adults of G. simulans were 
seldom encountered on other mushrooms, at least in the 
College Station area. It is important to note that 

G. Simulans occurs throughout the eastern United States. In 
most other areas it colonizes a much broader range of 
mushrooms than was observed in the Study area. 
Consequently, in most areas, its seasonal activity period 
may be much longer. 

Such apparent restricted periods of activity may 
reflect a collecting bias. However, this is almost 
certainly not always true, and a more or less seasonally 
restricted activity period seems to be the rule for a number 
of species of gyrophaenines. 

As noted for G,. Simulans above, seasonal activity 
pattern for a species may vary geographically. 

Mushrooms are often not present throughout the time 
when most gyrophaenine species are potentially active. 
Absence of fruiting bodies is especially apparent during dry 
periods. It is uncertain how the beetles respond to this 
Situation. Few adults are found in moist or moldy leaf 
litter or under logs during these periods. It seems likely 


that when suitable hosts are not available, adults enter the 


ai iaa8 a unis 
7 


is at AND = 
Ris a 
-ge16 Porte 2: 42 8p 


trl 


¢ 2599 Yea 
ary 


eile! 3 asi 
: a er) 4 wet ia 
, sant aa treup 


| | sa a tYgat t anal {toms 


, ; m= Te Pia a ry 
ear ns So 48 
' ~4 ey : 


‘<= 


i .- 
- ¢ 
: “7 
4 
- { 
4 


as. 


litter and become semidormant. 

Because of the marked behavioral and morphological 
adaptations of gyrophaenines to feeding on the hymenium 
layer of mushrooms, it is unlikely that most of these 
beetles feed on fungus mycelium when they are found in moldy 
leaf litter or under fungus covered logs. This may not be 
true of those, such as species of Encephalus and Brachida, 
which appear to be normally found in these habitats. 

It is not known how gyrophaenines coordinate their 
periods of activity to times when mushrooms are present. 
Most probably avoid the problem of Very sexactetiming of 
adult activity by having a range of host preferences rather 
than being highly adapted to a Single mushroom species. 
They may simply periodically search for mushrooms then 
become inactive again if suitable mushrooms are not found. 
On the other hand, they may become active in response to 
environmental cues. Since many fungi commonly form fruiting 
bodies following periods of wet weather, increase in 
moisture is a possible general cue for gyrophaenines to 
become active. Many gyrophaenines may profitably occupy a 
range of different mushrooms, so that such general cues may 
be sufficient. However, many mushrooms are quite seasonal 
in occurrence. Those species of gyrophaenines which have a 
restricted range of host preferences may require more 
Specific cues to allow timing of activity periods to the 


Proper season. 
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3.1.2.2.2.8 Discussion of life cycle 

Evolution of ability to eat maturing spores, basidia 
and cystidea of the hymenium layer is a major evolutionary 
innovation for Qyrophaenines. This ability opened a new 
adaptive zone within the mushroom habitat which provided an 
abundant and virtually unexploited, but highly unpredictable 
resource. However, the requirement for a fresh and active 
hymenium layer for both larval and adult survival imposes a 
number of constraints on the life history of gyrophaenines. 
Many of the features of the life cycle are a response to the 
unique characteristics of the mushroom as a habitat. 

For gyrophaenines the most important general 
Characteristics of the mushroom habitat are that mushrooms 
are: 1) ephemeral (often highly so); 2) unpredictable in 
time and space; and 3) highly heterogenous in physical and 
chemical characteristics. Exploitation of habitats with 
these characteristics requires adaptation to: 1) an 
efficient host finding mechanism; 2) rapid larval 
development; and 3) some means of Surviving when suitable 
mushrooms are not available. 

Because both adults and larvae of gyrophaenines 
Probably feed exclusively on the active hymenium layer of 
mushrooms, they occur only on fresh mushrooms. Decaying 
mushrooms are not suitable habitats for these beetles and 
are soon colonized by other species of Staphylinids which 
are probably predaceous. Among mushrooms inhabited by 


Jyrophaenines, time from first Spore production until the 
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mushroom becomes unsuitable as a habitat varies considerably 
depending on a number of factors including particular 
species of mushroom; temperature, humidity and rainfall; and 
how extensively the mushroom is attacked by other 

insects, particularly fly larvae. The period that a 
mushroom remains a suitable habitat for gyrophaenines may 
vary from as little as a week for some gilled mushrooms to a 
month or more for woody polypores. 

Mating, oviposition and larval development must take 
place on a single mushroom. Apparently larvae leave the 
mushroom only to pupate. It is unlikely that any larvae 
Survive if the mushroom which they inhabit is destroyed or 
decays before they are mature. 

This is a serious constraint, especially for those 
gyrophaenines which occupy short-lived gilled mushrooms. 
Efficient host finding, rapid colonization and oviposition, 
Short incubation period of eggs and very rapid larval 
development are undoubtedly adaptations to the ephemeral 
nature of these mushrooms. 

However, in many characteristics which are important to 
Syrophaenines, gilled and polypore mushrooms are quite 
different habitats. Unfortunately, as noted above, no 
details are known of the life history of those gyrophaenines 
which occur on polypore mushrooms. However, at least 
potentially, responses to the different conditions of these 
two major mushroom types could produce marked differences in 


the life cycle and population structure of the gyrophaenines 
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which occupy them. 

One of the most obvious differences between the two 
types of mushrooms is length of time that each is present in 
the environment. Gilled mushrooms are commonly short-lived, 
many decaying within a few days to a week. In COntrast, 
polypores, especially woody species may persist for several 
weeks to a month or more. It seems reasonable to expect 
that those gyrophaenines which live on persistent polypores 
are under less stringent requirements for a VeTveranioel rte 
cycle than those which live on gilled mushrooms. 

Another potentially important difference is 
availability and production rate of hymenium tissue of the 
two groups of mushrooms. Gilled mushrooms have a very 
active hymenium layer, producing great quantities of spores 
during a relatively short period of time. Since the 
hymenium layer is on the surface of the gills, and the 
Qyrophaenines actually live between the gills, the beetles 
have an abundance of readily available food constantly 
throughout the life cycle. The hymenium layer of polypores, 
on the other hand, is formed inside pores many of which are 
too small for a beetle to enter. Also, polypores produce 
spores for a much longer period, though spore production 
throughout this period may not be constant. Many polypores 
Produce spores periodically, often in response to wet 
weather. This periodic production of spores and relative 
isolation of beetles from direct contact with the hymenium 


layer may have effects on both life cycle and feeding habits 
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of members of those species which inhabit polypores. 

Possibly, gyrophaenines which habitually live on more 
persistent woody polypores may colonize more slowly, mate 
and oviposit for a more extended period, have a longer 
larval period, and have adults and larvae overlapping 
occupancy of the same mushroom for a more extended period. 
Observations about natural history of those gyrophaenines 
which are obligatory inhabitants of persistent polypores 
are required to test these SupposSitions. 

Polypores may not be as productive a habitat as are 
gilled mushrooms, because one seldom finds very large 
numbers of individual beetles per mushroom on persistent 
polypores. 

An interesting possibility. is that feeding and life 
cycle requirements imposed on gyrophaenines by the extremes 
of these two general types of mushroom habitats makes it 
difficult for beetles to change from one type to the other. 
Thus the broad host trends displayed by members of 
gyrophaenine taxa which are restricted to either polypores 
or gilled mushrooms respectively may be reinforced by the 
difficulty which members adapted to one group experience in 
Surviving on the other. 

Although differences in general habitat features 
between persistent polypores and very emphemeral gilled 
mushrooms are quite striking, these extremes are connected 
by a range of habitats of more or less short-lived polypores 


and more or less persistent gilled mushrooms. Mushrooms 
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which exhibit intermediate general characteristics provide a 
bridge or "transition zone" (Bock 1965) of habitats between 
these two extremes, This transition zone has probably been 
very important in evolution and diversification of 


gyrophaenines in the various mushroom groups. 


3.1.2.3 Interactions with other mushroom-inhabiting insects 

Detailed observations have not been published about how 
gyrophaenines interact with other insects which occupy 
mushrooms. However, several interesting hypotheses about 
the broad, general characteristics of these interactions can 
be inferred from a comparison of the ways that gyrophaenines 
and other insects use the mushroom habitat. 

Evolution of the ability to feed exclusively on the 
Spore producing tissues of mushrooms is the key innovation 
which opened the mushroom habitat to Qyrophaenines. This 
Particular way of using mushrooms fundamentally affects 
relationships with other mushroom-inhabiting insects. 

The habit of eating mushroom Spores is limited to a few 
groups of relatively small insects and includes ptiliid 
beetles (subfamily Nanosellinae, Dybas 1976), some 
Collembola, and members of some families of Acarina. 
Lawrence and Newton (1981) discuss many groups of insects 
which eat spores and fruiting bodies of slime molds 
(Myxomycetes). 

Gyrophaenines differ from other insects which eat spore 


tissue in that they are relatively large (in relation to the 
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tissue they consume), and they do not eat only mature 
spores. Instead, they are capable of feeding on both 
maturing spores and also the hyphal structures of the 
hymenium layer of gilled and polypore mushrooms. Therefore, 
gyrophaenines eat both spores and Spore producing tissue. 

In addition, most arthropods which inhabit mushrooms 
eat, not the hymenium layer, but the context tissue of 
gills, caps or stems. 

Thus, it appears that there is little direct 
competition for this food resource within the mushroom 
habitat. However, because of the large number of animals, 
particularly arthropods, which use mushrooms, indirect 
competition may be very important to gyrophaenines. Any 
animal whose activities reduce or destroy the ability of a 
mushroom to produce a hymenium layer is in indirect 
competition with gyrophaenines. 

A number of arthropods eat the flesh of the Jillssecr 
the context of the cap. These include larvae and adults of 
Several species of erotylid beetles (including Triplax Hbst. 
and Tritoma Fab. species) (Arnett 1968), both adults and 
larvae of some Scaphidiid beetles (Arnett 1968, and personal 
observations), Oxyporus Fab. adults and larvae (Campbell 
1969, and personal observations), and some nitidulid beetles 
(Arnett 1968). Activities of fly larvae are particularly 
important in gilled fungi. Large numbers of these burrow in 
the cap, stem and gills of mushroom extensively damaging the 


mushroom, especially as larvae begin to mature. In 
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addition, some slugs often feed on the gills and caps of 
mushrooms. Even if feeding activities of an animal on the 
mushroom do not directly affect the gills, the trauma caused 
to the mushroom tissue may accelerate rotting of the 
fruiting body. Scheerpelz and Héfler (1948) pointed out the 
dramatic hastening of rot caused by feeding activities of 
fly larvae within caps of gilled mushrooms. 

In general, activities of other arthropods on polypores 
are probably of less importance to gyrophaenines than on 
gilled mushrooms. However, feeding on the pore surface may 
reduce the reproductive capability of a polypore. Adults of 
some erotylid beetles, such as members of eae Latr. and 
Megalodacne Crotch (personal observations) feed extensively 
on the pore surface, while larvae burrow into the pore 
layer. Some scaphidiid and tenebrionid beetles have similar 
habits. Slugs may also be important in destruction of the 
pore surface at certain times. Other beetles (and in softer 
polypores, fly larvae) may bury into the context of the 
fruiting body, ultimately destroying it. These include, 
most importantly, tenebrionid beetles such as Bol itotherus 
cornutus (Panzer) and Diaperus maculata Oliver. 

Many important inhabitants of polypores, such as ciid 
beetles, generally colonize fruiting bodies after spore 
Production has ceased (Lawrence, 1973; Pavoir-Smith, 1960) 
and probably have little effect on gyrophaenines. 

Since gyrophaenines usually colonize a mushroom very 


Soon after spore production begins (at least for those that 


> 
os 
| .- 
i 
5 
bs m4 
~ 
“ . 
£ 
P ~ 
‘ ¢ j é < 
- = - 
~ + oe, 
P ‘ 
& 
+8 
- ve cal 


A, 
, “, ay > 
=a an en aurea | it ; 


Pie © 


; ean te atqovee aa soe 


t23 


live on gilled mushrooms), they probably normally avoid 
interaction with many of the Predaceaous and saprophytic 
beetles (mainly staphylinids) which colonize the later 
stages of fruiting bodies. The Presence of late instar 
gyrophaenine larvae may overlap colonization of mushrooms by 
these later inhabitants, so it is possible that 

Qyrophaenine larvae may be preyed upon by these predators. 
However, this predation has not been observed. It would be 
hey Surprising if gyrophaenine larvae do not form a food 
source for some predators, since they may be very abundant 
on more mature mushrooms. In this regard, the very well 
developed glandular process on tergum 8 of gyrophaenine 
larvae may be important. Moore, Legner and Badgley (1975) 
Showed that a similar gland in larvae of Oligota oviformis 
Csy. acted as an osmeterium and Suggested that it may have a 
defensive function. Use of the tergal gland has not been 


investigated in gyrophaenine larvae. 


3.2 Perspectives on Classification 

Development of a general purpose classification of 
Organisms is one of the most important tasks of 
Systematists. Several recent works (Eldredge and Cracraft 
1980; Wiley 1981; Mayr 1981; and included references) have 
discussed in detail the philosophical, methodological and 
historical base of biological classifications. These need 


not be reviewed in detail here. 


124 


I agree with Mayr (1981) that a classification must 
serve aS a basis for an information and retrieval system, 
and also as a basis for biological generalizations. Most 
Systematists agree that a classification based on 
evolutionary patterns is most convenient for biological 
Organisms. In order to most completely meet these 
requirements, as much evolutionary information as possible 
Should be included in the classification. However, Eldredge 
and Cracraft (1980) have correctly pointed out that if the 
Linnean hierarchy is used as the System for classification, 
then the only information actually contained within the 
Structure of the classification itself is the hierarchical 
arrangement of taxa. This hierarchical Structure, then, is 
the only information which can be extracted from the 
classification without addition of conventions or 
explanations. The Linnean hierarchy is particularly suited 
as a classification system because the geneological 
Structure of taxa is hierarchical. This hierarchical 
Structure of geneological relationships is hypothesized in a 
Cladogram. "Cladistic" classifications transfer information 
directly and unaltered from a Cladogram to a classification, 
So that each strictly monophyletic group is given a 
Categorical rank in the classification, and the hierarchical 
Structure of the cladogram is directly reflected in 
hierarchical structure of these categorical ranks. In this 
System, all evolutionary information (geneology) put into 


the classification is directly retrievable from the 
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Structure of the classification itself. 

The major contending classification system is called an 
"evolutionary" classification. Proponents of this method 
argue that the most generally useful classification includes 
not only cladistic (geneological) relationships, but also 
information on degree of Similarity of organisms included in 
each taxon (patristic relationships). This often leads to 
recognition of paraphyletic groups within a classification. 
While paraphyletic groups can contain very useful 
information, particularly ecological, structural and 
developmental Similarity of included taxa, addition of such 
information to a classification resultsmin Vosseot 
geneological information. That is, Since hierarchical 
Structure is the only information inherent in the 
Classification, the geneological relationship between the 
paraphyletic group and the monophyletic group derived from 
it cannot be recognized. Additionally, if both patristic 
and cladistic relationships are included, then it becomes 
impossible to determine which is being reflected at any one 
point in the classification. Finally, since patristic 
relationships are not hierarchical in the same sense that 
geneological relationships are, patristic relationships 
Cannot be suitably reflected by the hierarchical structure 
of the Linnean system. Despite these problems with 
evolutionary classification, there are times when 
information about patristic relationships are more valuable 


for comparison than is information about geneological 
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relationships. 

Because of the nature of the Linnean hierarchy itself, 
I prefer a classification which is otadusticeinithat all 
included taxa are Strictly monophyletic. Patristic 
information can be expressed by convention or explanation of 
taxa within the classification. 

In addition to the uses of a classification mentioned 
above, a classification must act as a vehicle for 
communication of information about Organisms. To perform 
this function a classification must have a certain amount of 
Stability. 

This requirement for effective communication and 
Stability in a classification has been, in part, the reason 
that I have taken a conservative approach to 
reclassification of gyrophaenine genera in this treatment. 
The gyrophaenines are one of the few major groups of 
aleocharines for which a relatively large number of 

character state distributions have been analyzed. Analysis 
of other groups of aleocharines may ultimately result in 
major changes in character analysis of states in 
Qyrophaenines. It is, therefore, possible that hypotheses 
about relationships of gyrophaenine genera will require 
Slight to considerable modification. Therefore, I have 
retained all genus-level names which have been proposed as 
long as the group can be hypothesized to be monophyletic. 
This requires that monophyletic lineages of similar external 


Structure be given generic rank, and has resulted, for 
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example, in splitting Agaricomorpha n. gen. from 
Agaricochara Kraatz though they are similar externally. 

This also has resulted in a situation in which the 
genus-level diversity within taxa of the "Sternotropa" 
lineage is not much greater than that among SspecieS-group 
level taxa within Gyrophaena. The "Sternotropa" lineage may 
include too many genus-level taxa. Alternatively, 
Gyrophaena is an exceptionally diverse group of Organisms, 
and may include several monophyletic lineages, each of which 
deserve generic rank. 

I believe that proposal of a more rigorous cladistic 
classification of gyrophaenines, or any large group of 
aleocharines, is premature at this time. Many changes in 
classification of aleocharines can be expected as knowledge 
of relationships increases. Major revisions in 
Classification before other aleocharines are better known 


are likely to lead to instability and confusion later. 


oe? :. aay uh rorencol ea 
Sates oz. veda dee 


7s 
yo SDgfw ©: Oi fsytte @ aioe 


‘suo. so0tasa” of To eeey .aegee as 


UO TY 2 G2 sente GEG RaaeS en tle 

TA sig tiawede aunen xis —e 
| ae > i» Vila isysoRe ae ai ‘2 , 
ie a } oy Antena a + wink ic i 


= i in in a 
| | ‘a Tsbenyiis2 


4 


: : se0G08 ua? 
1 adorei ic, ever 
, ake 1M 7 BeOS Fy sosenpag ak ea 


Seseiwons 246 bey 7S4y 3) e4 nbs anni iaAdo@en te 
ivsi tape 2 nae niet 


-+ pm ‘ a — = 7s = a 
wont $77 ac iw SON i wr Fas 


128 


3.3 Nomenclature, Description and Identification 


3.3.1 Description and Reclassification of World Genera of 


the Subtribe Gyrophaenina 


3.3.1.1 Subtribe Gyrophaenina 

Gyrophaenini (Eurypalpi) Kraatz 1858:352 

Gyrophaenides Thomson 1860:266 

Gyrophaenae Fauvel 1875:631 

Gyrophaenae Casey 1906:275 

Gyrophaenae Fenyes 1918:18 

Gyrophaenini Fenyes 1921:34 

Gyrophaenae Seevers 1951:670 

Gyrophaenina Arnett 1968:285 

Gyrophaenini Lohse 1974:25 

Gyrophaenae Seevers 1978:161 

Diagnostic Combination. — Adults of subtribe 
Gyrophaenina are recognized by the combination of 
nonstyliform labial palp, broadly separated middle coxae, 
broad meso- and metasternal processes not joined by an 
isthmus but meeting along a broad suture, truncate lacinial 
apex with well developed spinose area (spore brush), reduced 
Spines and setae on inner face of lacinia, 4 well separated 
rows of flattened setae on apex of galea in most, and a 
plate-like flange on neck of spermatheca. 
Description. — Body length 0.6 to 3.5 mn. Body form 


and color various. 
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Head. — Infraorbital carina well developed, complete or 
reduced antero-laterally. With or without additional carina 
from dorso-lateral base of neck to gular sutures. Neck 
absent. Gula with sutures more or less widely separated. 
Eyes medium sized to very large. Antenna 11-articled. 
Labrum with major setae well developed, with or without 
additional setae; medial sensilla area well developed; 
lateral sensillum row with 3 to 5 sensilla, at or more or 
less distant from lateral margin, sensilla well developed or 
reduced. Maxillary palpus 4-articled. Lacinia with apex 
obliquely truncate with more or less dense patch of teeth 
(Figure 73); inner face without teeth or spines (in most) or 
with few scattered teeth, setae in Single row (in most) or 
loosely scattered to moderately dense. Galea with apical 
setae more or less flattened, in 4 distinct rows (in most), 
Or unmodified and in 5 to 13 rows. Mandibles more or less 
robust; apices simple, or left, and in some also Birgu. 
mandible bifid at tip; right mandible with Slightly to well 
developed molar tooth. Prostheca well developed, 
membranous. Labial palpus 2-articled, not Styliform. 

Ligula various. Medial setae of labium 27 uOryeritye MOSts v1: 

Thorax. — Pronotum transverse to broadly rounded; 
Posterior margin bisinuate to broadly rounded. Hypomera 
Visible or not in lateral aspect. Elytral apical angles 
markedly to not sinuate. Prosternal peritremes behind 
Procoxae absent, procoxal cavities broadly open. 


Mesosternum with carina complete, incomplete, reduced to low 
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ridge, or non-carinate. Mesosternal process broad, extended 
between middle coxae to metasternal process along broadly 
rounded or truncate juncture; juncture suture complete, 
fused or more or less beaded. Isthmus absent, mesosternal 
Process extended to middle or base of middle coxae. Middle 
coxae widely separated. Tarsal formula 4-4-5, 

Abdomen. — Abdominal segments 3 to 7 more or less 
deeply transversely impressed to 3 to 5 slightly impressed. 
Tergum 7 with abdominal gland openings on anterior margin. 

Male genitalia. — Median lobe and Parameres varied. 
Flagellum large, tubular, slightly to moderately 
sclerotized. Median lobe without complex internal structure 
of eversible membrane, hooks and Spines in most. Apical 
process extensively modified or not. 

Female genitalia. — Neck of Spermatheca with lateral 
flange-like plate. Spermatheca Simple (Figure 176) or neck 
elongate distal (Figure 185) or proximal (Figure 179) to 


lateral flange. 


tie l.+eaLarvae 
Because structural variation among aleocharine larvae 
is very inadequately known, it is inappropriate to give a 
full discription of gyrophaenine larvae at this time. The 
following diagnosis is given to aid identification. 
Diagnostic Combination. — Among aleocharine larvae, 
gyrophaenine larvae are recognized by the obliquely truncate 


mala with numerous, more or less closely spaced teeth, 
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large, well developed abdominal gland on tergum 8, and the 
association with fresh mushrooms. 


Discussion — Few detailed Studies of larvae of 


gyrophaenines have been published. These are discussed 
under the appropriate genus. 

I have examined probable larvae of Species representing 
seven genera of gyrophaenines: Agar icochara, Agar icomorpha, 
Brachycara, Eumicrota, Gyrophaena, Phanerota and 
Pseudoligota. These larvae have a number of characteristics 
in common. The mala of the maxilla is truncate and covered 
with numerous, more or less closely spaced teeth (Figures 
240, 242, 243). Number and Spacing of these teeth vary 
considerably among species and genera. Similarity of this 
Structure to the spore brush on the apex of the lacinia of 
adult gyrophaenines is Striking. 

In all gyrophaenine larvae examined, the outer apex of 
the maxilla has a small bifig plate-like structure which 
forms a cup over the more distal teeth of the mala (Figures 
241). Ashe (1981a) suggested that this structure is a 
modified seta, but with closer examination, it seems more 
likely to be a scale-like cuticular modification. This 
interpretation is given Support by additional plate-like 
Structures on the apico-lateral Side of the mala of larvae 
of Brachycara species (Figure 243) which appear to have been 
derived in a similar way to the apical bifid plate. This 
Structure may perform a function in larval feeding similar 


to that of the rows of plate-like setae on the galea of 
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adult gyrophaenines. 

Convergence in mouthpart structure between adult and 
larval gyrophaenines is evidence that adult and larval 
gyrophaenines are using resources of the mushroom habitat in 
the same way. 

One important difference in mouthpart structure between 
adult and larval gyrophaenines is that larvae have 
Sickle-shaped mandibles which lack the well developed, 
toothed molar region of adults. It is not known how this 
difference affects mandibular function. 

Of particular interest is a brush-like seta on each 
Side of the midline dorsally near the apex of the abdominal 
tergal gland on segment 8 (Figure 232). These were first 
described by White (1977) in larvae of Gyrophaena gentilis. 
Ashe (1981a) described similar setae in larvae of Phanerota 
fasciata (Say), and pointed out that Similar setae were 
Present on tergum 8 of all gyrophaenine larvae which he had 
examined. However, White (1977) had reported that he was 
unable to find the setae on larvae of Agaricochara species 
which he had examined. Ashe (1981a) suggested that he 
Over-looked these structures in these species. I have since 
examined larvae of Agaricochara laevicol]is Kraatz and 
identified these setae, which are very small and spatulate 
rather than brush-like (similar to those of larvae of 
Agar icomorpha apachaena, Figure 244). No similar structures 
have been described or are known to me in other -aleocharine 


larvae. A reasonable hypothesis is that complex structure 
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of the maxilla of larval gyrophaenines and presence of 
brush-like setae dorsally on abdominal tergum 8 are uniquely 
derived with the Gyrophaenina. These character States then, 
are Synapomorphies, and offer further Support that the 


Subtribe as here defined is monophyletic. 


3.3.1.3 Discussion and Reclassification 

The subtribe Gyrophaenina has been differently defined 
and placed at different formal ranks by different authors. 
The first to recognize these beetles as a distinct group was 
Kraatz (1858). In his Subdivision II, the Gyrophaenini 
(Eurypalpi), he recognized three genera: Encephalus Westw., 
Gyrophaena Mann., and Agaricochara Kr. Thomson (1860-61, 
1867) was first to rank it as a Subtribe, the Gyrophaenides, 
and included Encephalus and Gyrophaena. Fauvel (1875) 
returned to the arrangement of Kraatz (1858) with the 
Gyrophaenae as Section II of the Aleocharinae. Within the 
Gyrophaenae he included Gyrophaena, Encephalus and 
Brachida M. and Rey. 

Casey (1906) recognized eight genera in the subtribe 
Gyrophaenae, including, in addition to all genera previously 
recognized, Diestota Rey, Phenogyra M. et Rey, and two new 
genera, Eumicrota Csy..and Phanerota Csy. Fenyes (1918) 
recognized seven genera in his "Group Gyrophaenae". He did 
not include Diestota and ranked Phanerota, Eumicrota and 
Phenogyra as subgenera of Gyrophaena. He also included 


Brachycara Sharp, Haplomicra Sharp and Hygroptera Motsch. 
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Increase in number of genera in the Subtribe continued until 
Scheerpeltz (1926, 1934) listed 23 genera within subtribe 
Gyrophaenae. Seevers (1951) was more conservative and 
recognized only Gyrophaena, Phanerota, Encephalus and 
Brachida within the Holarctic fauna. He ranked Eumicrota 
and Agaricochara as Subgenera of Gyrophaena, but later 
(1978) recognized these as distinct genera. 

Many major workers on aleocharines have not placed 
these beetles in a distinct subtribe, but have included them 
within the tribe Bolitocharini or its equivalent. These 
include Mulsant and Rey Sei ea5)eeSharp (1883-87), 
Gangelbauer (1895) and Cameron (1920, 1939). 

Enethis revision I recognize 13 genera in the subtribe 
Gyrophaenina. These are: 

Gyrophaena Mannerheim, 1830 
Phanerota Casey, 1906 
Eumicrota Casey, 1906 
Encephalus Kirby, 1832 
Probrachida new genus 
Brachida Musant and Rey 1872 
Agaricochara Kraatz, 1856 
Sternotropa Cameron, 1920 
Pseudo] igota Cameron, 1920 
Neobrachida Cameron, 1920 
Adelarthra Cameron, 1920 
Agaricomorpha new genus 


Brachycara Sharp 1883 
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Members of these genera are similar in a number of 
characteristics. I believe that two of these, maxillary 
Structure and a plate-like flange on the neck of the 
Spermatheca, provide evidence for monophyly (see 
Section 4.2.2.4 for discussion). 

The reasons for Proposing subtribal rank include the 
conservative approach to classification of aleocharines in 
accordance with the discussion in SSCht onus’ e  SlALSo, wait 
helps to indicate that the Gyrophaenina is probably a part 
of a monophyletic lineage of several Similarly monophyletic 
"subtribes" within the tribe Bolitocharini. Evidence for 
this is the proposed sister group relationship of the 


Gyrophaenina with the subtribe Bolitocharina. 


3.3.2 Identification of the World Genera of the Gyrophaenina 


3.3.2.1 Notes about the Key and its Use 

This key is intended for identification of the known 
genera of the Gyrophaenina of the world. 
Relative positions of genera within the key imply nothing 
about relationships. Any Similarity of various aspects of 
the key to lineages in the cladogram is an incidental result 
of relative usefulness of phylogentically important 
Characters as "key" characters. 

Lohse (1974) pointed out that mouthparts are most 
useful for delimiting higher taxa among aleocharines. 


However, because of difficulty of observing mouthpart 
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structure, his key is based on other Characters. I prefer 
to use easily seen characters as important key Characters, 
but the most reliable characters for arranging the genera of 
Qyrophaenines in groups are those of the mouthparts, 
particularly structure of the ligula. Though Seevers (1978) 
States that structure of the ligula is not as reliable for 
classification of aleocharines as has been implied by its 
use in the past, such characters appear quite stable within 
genera or supergeneric taxa among gyrophaenines. Therefore, 
I have used form of this Structure near the beginning of the 
key. Ligulae are very difficult to observe in many 
gyrophaenines, especially very smali specimens. However, 
once observed, the structure provides unambiguous entrance 
into the proper part of the key. Other characters provided 
aid in identification of Gyrophdeninesewned ligula structure 
Cannot be observed. However, states of these characters are 
more variable and Qualitative, and more Subject to 
interpretation, and must be used with caution. 

To my knowledge, structure and form of the setal patch 
On tergum 10 have not been previously used to identify 
aleocharines,. Among gyrophaenines this is very useful, 
though it is difficult to observe if the abdomen is 
contracted. Because of overlap in external Structure, 
Specimens of a few gyrophaenine genera are most reliably 
identified by aedeagal or Spermathecal features. I have 
used aedeagal structure as a major key character for 


separation of Probrachida ana Brachida, and as a secondary 
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character for identification of Agaricomorpha. In all of 
these genera, form of the median lobe is quite distinctive. 

In uncertain identifications, geographical range of a 
genus is useful. Therefore, known ranges of members of each 
genus are given in the key. Differences in useful key 
Characters between Specimens of Holarctic and New zealand 
Encephalus make it most useful to key them out in separate 
couplets. This division also helps emphasize that these two 
groups presently placed in Encephalus may not belong to the 
Same genus (see discussion in Section B23 ay 

Reliable identification of genera of gyrophaenines, and 
indeed of most aleocharines, is difficult. This results 
primarily from small size of the beetles and subsequent 
difficulty in observing reliable key characters. Confident 
identification requires softening, clearing and dissection 
of many beetles, and observation under high magnification. 
Reluctance to use characters which require such specialized 
handling for identification is, at least in Part, a cause of 
the present difficulty and uncertain reliability of most 
available keys. Aleocharines of such small size cannot be 
effectively handled using techniques appropriate to larger 


beetles, 
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3.3.2.2 Key for the Identification of the Known Genera of 


the Subtribe Gyrophaenina of the World 


(0) 


(1) 


Ligula broadly rounded (Figure 103, 105-109). 
Pronotum hind margins not or Slightly bisinuate. 
Elytral apico-lateral angles not or, at most, 


SOME LYS SINUAL dae each. hain la ORIEN Lthes Tee ere 2 


Ligula more or less protruded and parallel-sided, 
entire (Figure 98) or bifid (Figure 111). Pronotum 
hind margins markedly, slightly, or not bisinuate. 
Elytral apico-lateral angles markedly, Slightiysye or 


Peer NuUaleg cent amena th! CLeee Wee Ane vol eek co. 4 


Body markedly robust, broadly OValv in dorsal 
aspect. Microsetae sparse, body subglabrous. Head 
deflexed and in more or less vertical plane, base 
covered by anterior margin of pronotum, 

Mesosternum in more or less vertical plane. 


Poa Lot losLleg 1 Ons... Encephalus Kirby (part) 


Body moderately to Slightly. robust, elongate-oval 
to more or less parallel-sided in dorsal aspect. 
Microsetae very to moderately dense, body 
pubescent. Head Slightly or not deflexed, base 
Slightly or not covered by anterior margin of 


Pronotum. Mesosternum not in vertical Plano, 3 
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A547) 
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Labium with 2 medial setae. Without pair of 
macrosetae on vertex of head. Aedeagus 
distinctive; apical process of median lobe not 
highly modified; flagellum exerted, long, 
whip-like, not coiled inside basal capsule 


(Figures 202, 203). New World OTC San wer eee eer, te 


Labium with 1 medial seta. With pair of macrosetae 
on vertex of head (Figure 15). Aedeagus 
distinctive; apical Process of median lobe modified 
Or not; flagellum not exerted, coiled inside basal 


capsule (Figures 204-206). Old World ............. 


Ligula bifid in at least apical 1/3. Hypomera not 
(in most) or slightly visible in lateral aspect. 


pecCoLernumlecarinacesorinoteme eet. ek S 


Ligula entire, more or less protruded and parallel 
Sided (Figure 98) or Slightly tapered to apex 
(Figure 100). Hypomera not, Slightly or entirely 
visible in lateral aspect. Mesosternum carinate in 


apical 2/3 or not Calinaveminemogty) sc. c0 cl. Py 
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(4) Body Subglabrous. Lateral Macrosetae on prothorax, 


ae 


(6') 


elytra and abdomen extremely prominant, large, dark 
and bristle-like (Figure 231). Southeast Asia 


TRREARC LCRUTS, 6 e'nle ss aleve e oie cl ere ce hers ek Oe Adelarthra Cameron 


Body markedly to moderately pubescent. Lateral 
macrosetae of prothorax, elytra and abdomen not 
extremely prominent, or, if enlarged, not markedly 


SO and limited to prothorax andyvormpelyvtra 2. .e..+ 6 


Ligula as long as labial Dalpomere 1, bifid in 


apical 1/3 (Figure 115). Southeast ASV O. cess S. 


Ligula shorter than labial Palpomere 1, bifid at 


least 1/2 distance to base sisi el wears OEIC AUN elas vc. 7 


Setal patch on tergum 10 more or less square, not 


incised posteriorly to form a chevron-shaped patch 


Setal patch on tergum 10 incised posteriorly to 
form a chevron-shaped patch, or patch of 1 to 3 
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(7) Mesosternal and metasternal Processes fused, suture 


ee) 


indistinguishable. Southeast ASlasPindia eh .with... 


wie. G rine. Bae rete ee eeeeeess» PSCUAO] igota Cameron 


Mesosternal and metasternal Processes not fused, 


Suture distinct. Palearctic RE) LOT ime. seer eee ecerete ss 


Setal patch on tergum 10 chevron-shaped 

(Figure 175) but setae not in 1 to 3 distinct rows. 
Aedeagus distinctive, apical lobe laterally 
displaced from flagellum insertion (Figures 214, 
215). Nearctic, Neoouropicaluregionsves | .zamenk.... 


Sain BORE. @. 840 Feh.0.ke Sel. 6 .ate le Me eke ne) odedte, oe Agar icomorpha new genus 


Setal patch on tergum 10 in 1 to 3 distinct 
chevron-shaped rows (Figures 170, 171, 174). 
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(9') Body form very robust, broadly oval in cross 


(4') 


Section. Mesosternum either not Carinate or with 
low diffuse ridge medially. Head moderately 
deflexed into vertical plane. Mexico, Central 


America, West Indies ...... mule gated Brachycara Sharp 


Body form not robust, more or less flattened in 
cross section. Head not or Slightly deflexed into 
vertical plane. Southeast Asia, India Beate a etcetera t. 


SEMA 9 debt ore dty Sets ME Ee, see. Sternotropa Cameron 


Mesosternum carinate in at least anterior 2/3. 
Body very robust, broadly oval in dorsal aspect. 
Elytral apico-lateral angle markedly sinuate. New 


ecalandincn. 2. SYANSNET SA. tp Encephalus Kirby (part) 


Mesosternum not carinate. Body moderately robust 
to not robust, elongate oval to Pparallel-sided in 
dorsal aspect. Elytral apico-lateral angle 
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12 (11') Setal patch on tergum 10 in distinct V-shaped row 


we i2*) 


(Figure 166). Prothorax markedly transverse, 2.0 
times as wide as long or wider. Body of most 
specimens moderately to very pubescent. Antennae 
of most specimens Short, with antennomeres 4 to 10 
markedly transverse, in form of loose parallel- 
Sided club (Figure 26). New World io Gio Gti eee 


spererern s ua ete beets tel sidivior- ie se CUM CHOTA 1Ca SCY 


Setal patch on tergum 10 more or less square 
(Figures 162-164). Prothorax of most specimens 1.2 
to 1.7 times as wide as long. Body of most 
Specimens slightly pubescent to Subglabrous. 
Antenna short or elongate, with antennomeres 4 to 
10 slightly transverse to elongate or various in 


same specimen nidestedaciee Rene Role So 20 G0 Os 0celehenemeleheleteleie tela eletercnete|.3 


Eyes extremely large, occupying most of lateral 
margins of head (Figure 12, 13). World Wide )o sm. . 
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Eyes moderate in size (Figure 7-11). World Wide 


Meee fect ee le saree wa pafsie ae ee RE Gyrophaena Mannerheim 


3.3.3 Genera of the Gyrophaenina 


3.3.3.1 Genus Gyrophaena Mannerheim 

(Figures 7-11,21-24, 29-32, 56, 73, 74, 98, 99, EIG= 122) 

fderatsd 142, 143), he LOO G cet G3: 176-1787 192-194" 

BOpclOy 253, 234, 240. 241, 245, 246) 

Gyrophaena Mannerheim 1830:488. Type species: Gyrophaena 
nana (Paykull) (from Staphylinus). Fixed by Westwood 
1838:20 by subsequent designation. 

Mannerheim 1830:488. Erichson 18373365.” ‘Brichson 

1839-40:182. Lacordaire 1854:43. Kraatz 1856-58:352., 

Jacque du Val 1857-59:18. Thomson 1860:266. Mulsant and 

mey 1871517. Fauvel 1872:297. Fowler 1888:183. 

Gangelbauer 1895:297, Casey 1906:278. Reitter 1909:83. 

Blatchley 1910:340. Fenyes 1918:95,. Cameron E20 23507 +359 

Cameron 1922:368. Bernhauer 1926:323. Scheerpeltz 1930:70. 

Wusthoff 1937:137. Cameron 1939:56. Scheerpeltz and Hoéfler 

1948:163. Seevers 1951:673. Likovsky 1964:52. Batten 

1973363. Lohse 1974:21. Seevers LOO TeGl:, 

Diagnostic combination. — Ligula entire, produced as 
more or less parallel-sided lobe. Eyes moderate in size. 
Hypomera slightly to broadly visible in lateral aspect. 
Mesosternum without medial longitudinal carina. Setal patch 
On tergum 10 more or less square, setae flattened. In 
addition, most members of Gyrophaena are distinguished by 
the subglabrous body; broadly oval or subquadrate pronotum 


(1.3 to 1.6 times as wide as long); more or less transverse 
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head (1.1 to 1.3 times as wide as long); and prosternum with 
Slight transverse carina and without medial knob, carina or 
protuberance, 

Description. — Length tf 0Rtov30 mm: Body parallel- 
Sided, slightly flattened (in most specimens) to slightly 
robust. Sculpture revievulater obsoletely reticulate or 
smooth, but uniform throughout or various on different 
regions of body. Surface subshining to shining in most 
Species, dull in some; moderately to Slightly pubescent, 
subglabrous, or glabrous, individuals of most species 
Slightly pubescent to Subglabrous. 

neadee {Figures:7=11)s—sMore or less transverse in most 
Species, subquadrate to elongate in some; head held more or 
less in plane of body. Sculpture various. Microsetae 
numerous, short and stiff, to fewer, longer and more widely 
Scattered. Punctures small to large, asperite in specimens 
of some species. Pair of darker macrosetae medially on 
vertex of head in specimens of a very few species 
(Figure 10), absent from most. Eyes moderate in size, 
Infraorbital carina moderately to markedly developed. Neck 
Carina well developed. Antennae very variable within genus. 
Antennomere 4 similar to 1-3. 

Mouthparts. — Labrum (Figures 29-32) with major setae 
distinct, additional setae absent. Sensilla of medial 
ee achyeareaywell distincts« Lateral sensilla row distant 
from lateral margin. Maxilla (Figures bape] See 2339 e934) 
with tip of lacinia truncate with well developed "spore 


= 


4 


74! 
; (onei ap eben 8 eomt iY 
f a. Avon is + <e ie 
Py) 
er 
i : S20 Sa = Risse 
: * paastset? gis ae 
iuotse' \ si. 6 5eaee Fuitaiu se 
oh ie 38 oooveads Aaethad. aedaae 
ici 
12 petal bod 10 8 ote 
’ cu yemee. at tab as a 
eet y i herd He RED 30+, SOM ie 
ne 
Va/o2 ttegt dug oo 
20 -€ en supa Pe 
~ tee sowrbaupedugy 
; 14 lus? . seR Se are 
1:2 9@ Gea: duode 2 
ate ag te A ir. i lope eas fic 
A : iT : +78) 0 Sulte. Sas Foe 
Ayeab Ley 
Buta be ov vw « a 
SWIae 16> A 4 is 2 ws 


(0% - 1662 (8° .8° BST E Es 


Sie7e” Segeieved lov sstw 


a — 
a * ~ ae . : ee are : 


146 


brush". Number and size of teeth various; relatively few, 
large, widely spaced teeth (Figure 233) to moderately 
numerous, smaller, more closely spaced teeth. Internal face 
of lacinia with single row of many to few, large setae, and 
3 or 4 widely spaced hyaline Sensilla. Galea with apical 
setae in 4 distinct rows, setae Subspatulate to plate-like. 
Mandibles (Figure 56) not bifid at tip. Right mandible with 
Small to large internal tooth. Prostheca typical of 
Subtribe. Labium (Figures 98, 99) with ligula undivided, 
entire, produced as a-more or less parallel-sided lobe. 
Medial seta 1 or, in specimens of a few species, absent. 
Thorax — Prothorax transverse, broadly oval to 
Subquadrate; specimens of most species with slightly 
transverse, broadly oval Pronota, 1.6 to 1.3 times as wide 
as long (Figures 119-122); flat, slightly convex or 
moderately convex in cross section, sides not, Slvgnutliyesor, 
in some Species, moderately depressed; antero-lateral 
borders not markedly depressed. hypomera not, partially, or 
fully visible in lateral aspect; anterior margin straight or 
broadly rounded; Posterior margin slightly to, in most 
Specimens, not at all bisinuate, hind margin of some species 
with a slight to moderate medial emargination. Sculpture 
reticulate, obsoletely reticulate, Or smooth, integument 
Subshining to markedly Shining. Microsetae various: 
numerous, more or less densely and uniformly distributed 
(surface pubescent), to very few and widely scattered 


(surface Subglabrous to glabrous); punctures small to large, 


’ ani 


2 J : > 45 ; ay 
: 
7 4 
‘ = ) 
| eo) 
, ~ 
. ¢ 


hessqge ¢ sable 


? O73 7S >ynib 4a ni 


mn (BR. * ys saigie 


aT +S 
stiI00A. swivel epee 


: -¢ > pd?) meidad; <9 af 

0 6 aS Soovborq ae 

Th: ~~ : * ~~ i 
72 jit 2 iG J 5298. fail 
) | ot. 
sipdio?? (= Kee ‘a 
'S aiteniioeqs getagis 
| ; aT oy law viisso 1a +32 4 : 
aan a) ee f 

“Err aeccne q)} Pag, 

_ ' haf 


y , “ey 7 '- SeQoue-e sevitod: wie 4 


- = a ,* 


fravicel y= 6eeihh (eet Sae 


1 Vw , O9°86 sages hide? on Oi i 
7H € : 7 ’ | : ; 
; =o lepvetatunt &. 
Tale v.teneed? Bepbin 
8265693 woos Sa onia S26U518 lis inne 
| | ‘Sa 
Tey [inte Latban 9181 90a ae 
Mineo: TOME JC ,ejeiuslt¢es ¥e 


t2u0it6 *4.739073IM 


eoinida. vibew 
out, iS yigjo} iow ire visensh veel. ¢ ? 

ae es 
e/oos8 Ylebiv. Sua wed (iewes f 
sey71at a? (lave 79705 ony jleverdetp. “3 | 


147 


asperite or not. Macrosetae Small and inconspicuous to 
large and conspicuous; arrangement typical of subtribe. 
Punctures of macrosetae in medial row of many large, 
conspicuous. Elytra shorter than, equal to or longer than 
Ppronotum. Outer apical angles slightly to not at all 
Sinuate (Figure 131), Integument reticulate to smooth, 
subshining to markedly shining. Microsetae numerous to few, 
uniformly distributed, punctures Small to large, asperite in 
Many Species. Macrosetae inconspicuous to conspicuous, 
Prosternum transverse to slightly transverse. Specimens of 
most species with slight transverse raised ridge or carina 
(Figure 142, 143), or transverse carina absent. Without 
prominant medial knob, carina or protuberance. Mesosternum 
Without medial longitudinal carina. Mesosternal process 
varied in length, extended from slightly beyond middle of 
mesocoxal cavities to posterior margin of coxal cavities. 
Metasternal process truncate or broadly rounded. Isthmus 
absent. Suture between meso- and metasternal process fused 
in some species, distinct in most. Coxae widely separated. 
setae on metepisternum numerous to few, in single row, 
setose area more or less delimited ventrally by fine carina 
Or not (Figures 156, 245, 246). Tarsomere 1 of hind legs 
Various: equal in length to second tarsomere to as long as 
next two combined (slightly longer in a few species); 
tarsomere 1 of hind leg with a slightly to markedly 


developed ctenidium on inner ventral surface. 
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Abdomen. — Flattened to Slightly robust; sides 
parallel. Terga 3-5, 3-6 or 3-7 markedly to slightly 
transversely impressed. Sterna 3-5 very slightly 
transverely impressed to unmodified. Tergum 7 with anterior 
border modified as Openings for abdominal gland ducts. 
Tergum 10 with setal patch more or less Square; setae 
numerous to few, flattened, Subspatulate to Spatulate. 

Aedeagus. (Figures 192-194) — Extremely varied among 
Species. Median lobe with apical process simple to strongly 
modified and complex, asymmetrical in many; flagellum 
tubular, whip-like or very complex. Parameres (Figures 216, 
217) simple to complex and asymmetrical. 

Spermatheca. — Typical of Subtribe; simple 
(Figures 176, 178) or with Slightly elongate neck 
(Figure 177). 

Secondary sexual characteristics. — Very varied. Males 
of most species with posterior margin of tergum 8 broadly or 
Narrowly incised, incision with more or less well developed 
Spines on each side, with or without 1 Or more teeth or 
Spines medially within incision. Many males with tergum 7 
with carinae, spines or knobs. Other terga modified or not. 
Some males with spines, carinae or aperities on elytra. 
Males of some with sternum 8 emarginate medially. Some 
males with tergum 10, fewer with tergum 9 or sternum 10, 
modified. Females of some Species with integumental 
modifications; if so, males and females of Same species with 


Markedly to slightly different modifications. 
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Discussion. — Gyrophaena as presently recognized is the 


most heterogenous genus among gyrophaenines. Typically, 
members have been recognized by presence of widely separated 
coxae, exposed hypomera and moderately sized eyes (Seevers 
1951), or these in addition to a transverse head and shining 
subglabrous integument (Lohse 1974). This combination is 
inadequate for recognition of all species that should be 
placed in this genus, resulting in confusion about limits of 
the genus as indicated by, among other things, the question 
of whether or not Agaricochara Kraatz Should be considered a 
Subgenus of Gyrophaena. The characters provided in the 
diagnostic combination should help clarify assignments to 
this genus. 

No derived character state is Shared among all members 
of Gyrophaena. Therefore, as presently Soneenweas 
Gyrophaena cannot be shown to represent a monophyletic 
assemblage. It is, instead, paraphyletic in relation to 
Phanerota (see Section 4.2.2.8.2). This appears to result 
from the great heterogeneity of forms now included within 
Gyrophaena. It seems likely that Gyrophaena could be 
divided into several genus-level monopyletic Groupssrw0this, 
however, would require detailed Study of the world 
Gyrophaena, a monumental task. 

Within Gyrophaena, a number of monophyletic groups are 
recognized. General form of the median lobe of the aedeagus 
and structure of Secondary sexual modifications are most 


useful for recognition of monophyletic groups, but antennal 
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Structure, sculpture, pubescence and general body dimensions 
may be useful in combination with aedeagal structures. 
Seevers (1951) used Primarily aedeagal structure in forming 
his "species groups", most of which were probably 
monophyletic. 

Natural history. — Most members of Gyrophaena are found 
on fleshy gilled mushrooms as both larvae and adults. Some 
are more common on fleshy polypores (see Table 4). 
Donisthorpe (1935), Scheerpeltz and Hofler (1948) and Benick 
(1952) give host mushroom lists for European Gyrophaena. 
White (1977) has studied general characteristics of host 
mushrooms of members of Gyrophaena. Few details of life 
history and habits of individual species are available (see 
Bectron 3.1.2). 

Immature stages. — Few detailed Studies of immature 
Stages are available. Larvae of G. affinis Sahlberg (Rey 
1886), G. cristophera Cameron (Paulian 1941), Gyrophaena sp. 
(Boving and Craighead 1930), G. gentilis Erichson (White 
1977) and G. strictula Erichson (White 1977) have been 
described. Of these, only White (1977) and Paulian (1941) 
Provide detailed descriptions and illustrations. Larvae 
described as that of G. manca Erichson by Haeger (1853) are 
not Gyrophaena (see White 1977). 

Distribution. — Members of the genus Gyrophaena occur 
throughout the world, except, as far as is known, in alpine 


and tundra areas, 
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Major literature. — Few papers about Gyrophaena include 
keys or illustrations, and descriptions are inadequate. The 
European fauna is best known. Keys and descriptions of 
European Gyrophaena are provided by a number of faunal 
Studies including: Scheerpeltz and Hofler (1948) (areas 
around Vienna, Austria), Lohse (1974) (middle Europe), 
Seevers (1951) (with North American fauna), Wusthhoff (1937) 
(European fauna), Likovsky (1964) (Czechoslovakian fauna), 
and White (1977) (British fauna). Seevers (1951) provides 
keys, descriptions and illustrations of North American 
Species. Cameron (1939) Provides keys and deseariptions of 
the known Indian species. No other comprehensive faunal 
Studies of Gyrophaena with adequate keys and descriptions 


are available. 


3.3.3.1.1 Review of the Subgenera of Gyrophaena Mannh. 


3.3.3.1.1.1 Historical Review 
Genera and subgenera associated with the name 

Gyrophaena are a complex of inadequately defined and 
arbitrarily arranged groups, as indicated by the various 
treatments of them summarized here. Casey (1906, 1911) 
recognized four genera within his subtribe Gyrophaenae: 
Phanerota Csy., Phaenogyra Muls. and Rey, Eumicrota Csy. and 
Gyrophaena Mannh. Fenyes (1918) assigned subgeneric rank to 
Phanerota, Phaenogyra anda Eumicrota. However, he recognized 


that Phanerota may warrant consideration as a genus. He 
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retained the genus Agaricochara Kraatz for several species 
that occur in Europe and America, separating it from 
Gyrophaena by the bifid ligula, wider pronotum and less 
conspicuous eyes of the former. 

Scheerpeltz and Hofler (1948) recognized three 
Subgenera of European Gyrophaena: Gyrophaena Soest 
Phaenogyra and Leptarthrophaena Scheer. and Hof. Within 
Phaenogyra were placed those species in which the head of 
adults was relatively long in relation to interocular width. 
They established the Subgenus Leptarthrophaena to include 
those species in which adults have antennomeres 5-10 
distinctly elongate. In addition, they retained the genus 
Agaricophaena Reitter for 4. DoleGiatie yn, 

Seevers (1951) eliminated the subgenus Phaenogyra and 
assigned the species to Species group status, claiming that 
it waS no more deserving of subgeneric status than most 
other species groups within Gyrophaena s.st. In addition, he 
showed that Leptarthrophaena was a conglomerate of several 
unrelated species, and that Gyrophaena could not be divided 
into subgenera solely on the basis of antennal Structure of 
adults. Seevers followed Fenyes (1918) ‘in recognizing 
Eumicrota Csy. as a subgenus, but reduced Agaricochara kr. 
to subgeneric status within Gyrophaena. He Separated adults 
of Eumicrota and Agaricochara on the basis of adult antennal 
Character states (in Spite of his previous statement that 
this was impossible). He believed that they are closely 


related and may be combined into a Single genus when more is 
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known about the Neotropical forms. He was unable to 
separate Agaricophaena and placed it in synonymy with 
Agaricochara. Finally, Seevers reassigned generic rank to 
Phanerota although he did not give reasons for doing so. He 
also recognized that the Subgenus Acanthophaena Cameron was 
Synonymous with Phanerota. Seevers (1978) raised Eumicrota 
and Agaricochara to generic rank. 

At one time or another 11 Subgenera (including 
Gyrophaena s.st.) have been assigned to Gyrophaena Mannh. 
In this revision three are given to generic rank: 
Agaricochara Kraatz, Eumicrota Casey and Phanerota Casey; 
Acanthophaena Cameron is placed as a subgenus of Phanerota 
and Leptarthophaena is shown to be indefinable (as pointed 
Out by Seevers (1951)), Additionally, A] locota Bernhauer is 


not a member of the Gyrophaenina. 
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3.3.3.1.1.2 Key to the Described Subgenera 
For reasons given above, this key does not include the 
following taxa: Agaricochara Kraatz, Eumicrota Casey, 
Phanerota Casey, Leptarthrophaena Scheerpeltz and Hofler, 
Acanthophaena Cameron, and Allocota Bernhauer. Taxa 
included are not necessarily monophyletic, nor is the key 
likely to assign members of all species to useful groups 


when the world fauna is considered. 


1 (0) Abdomen of male with lateral margins of sterna 3 
and 4 produced as spines or appendiculate processes 


Peter iehehe Seis c.e » o Sel MOML IE .. Enkentrophaena Eichelbaum 


a Abdomen of male without lateral margins of sterna 3 


and 4 produced as spines or Processesan?) *-2e9e.<... 2 
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(1') Head transverse (1.2 to 1.4 times as wide as long); 


(2) 


moderately and obliquely narrowed behind the eyes. 
Specimens of most species Slightly pubescent to 


SMG LADGOUS Ws Pave setts PRE: At ty Sic Lae f 3 


Head slightly transverse to longer than wide (1.1 
to 0.8 times as wide as long); slightly and 
gradually narrowed behind the eyes. Specimens of 


most species moderately DUDE SCeT Came ne eet tare etn 4 


Barge: (adults 3.0%to 3-5 mm in length); very 
robust. Terga 3 and, in some, 4, of males with 


median keel. Antennomere 4 longer than broad ....; 


smaller (adults 1:0 to 3-0 mm in length): less 
robust, most more or less flattened and 
parallel-sided. Terga 3 and 4 of males without 
median keel. Most with antennomere 4 quadrate or 


transverse ..... shes eelicehone re o hun eraberehat: - Gyrophaena s.st. 
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(2') Larger (adults 1.3 to 2.1 mm in length). Head 1.2 
to 0.7 times as wide as tong. Pronotum 1.5 to 1.1 
times as wide as PONG»... Tie Seth es 1. Gone Kok 


Cote ee ete ee ese ee eeeeee ss. Phaenogyra Muslant and Rey 


smaller (adults 0.9 to 1.2 mm in length). Head 1.2 
times as wide as long. Pronotum 1.5 times as wide 


LBRO ss sc: aaheeehe near eee ely, Agaricophaena Reitter 
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3.3.3.1.1.3 The Described Subgenera of Gyrophaena Mannh. 


3.3.3.1.1.3.1 Subgenus Gyrophaena s.st. 
Gyrophaena Mannerheim 1830:488. Type species: Gyrophaena 
nana (Paykull). 
Gangelbauer 1895:300, Fenyes 1918:97. Cameron [Ba Bohs Posi 
Scheerpeltz and Hofler 1948:163, Seevers 1951:673. Lohse 


78227: 


3.3.3.1.1.3.2 Subgenus Agar icochara Kraatz 

Agar icochara Kraatz 1856:361. Type species: Agar icochara 
Jaevicollis Kraatz. Fixed by Kraatz 1856:361 by 
monotypy. 

Kraatz 1856:361 (genus). Mulsant and Rey 1871:90 (genus). 

Gangelbauer 1895:304 (genus). Casey 1906:278 (genus). 

Reitter 1909:85 (genus). Fenyes 1918:92 (genus). 

Scheerpeltz 1930:70 (genus). Seevers 1951:740 (subgenus of 

Gyrophaena). Lohse 1974:130 (genus). White 1977:304 

(subgenus of Gyrophaena). Seevers 1978:163 (genus). 


Notes: Treated as a genus in this revision. 


3.3.3.1.1.3.3 Subgenus Phaenogyra Musant and Rey 
Phaenogyra Mulsant and Rey 1872:166. Type species: 
Phaenogyra strictula (Erichson) (from Gyrophaena) . 
Fixed by Fenyes 1918:24 by subsequent designation. 
Mulsant and Rey 1871:76 (genus). Gangelbauer 1905:303 
(genus). Casey 1906:278 (genus). Reitter 1909:85 (subgenus 


of Gyrophaena). Fenyes 1918:101 (subgenus of Gyrophaena) . 
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Cameron 1939:140 (subgenus of Gyrophaena). Scheerpeltz and 
Hofler 1948:177 (genus). Seevers 1951:724 (G. strictula 
species group of Gyrophaena). White 1977:304 (within 


subgenus Agaricochara) . 


3.3.3.1.1.3.4 Subgenus Eumicrota Casey 
Eumicrota Casey 1906:280. Type species: Eumicrota 
corruscula (Erichson) (from Gyrophaena). Fixed by 
Fenyes 1918:22 by Subsequent designation. 
Casey 1906:280 (genus). Fenyes 1918:101 (subgenus of 
Gyrophaena). Seevers 1951:732 (subgenus of Gyrophaena). 
Seevers 1978:162 (genus). 


Notes: Treated as a genus in this revision. 


3.3.3.1.1.3.5 Subgenus Phanerota Casey 

Phanerota pasey 1906:285. Type species: Phanerota fasciata 
(Say) (from Gyrophaena). Fixed by Blackwelder 1952:299 
by subsequent designation. 

Casey 1906:285 (genus). Fenyes 1918:96 (subgenus of 

Gyrophaena). Seevers 1951:747 (genus). Seevers 1978:162 


(genus). 


3.3.3.1.1.3.6 Subgenus Orphnebioidea Schubert 
Orphnebioidea Schubert 1908:611. Type species: 
Orphnebioidea rosti (Schubert) (from Gyrophaena). Fixed 
by Schubert 1908:611 by monotypy. 
Schubert 1908:611 (subgenus). Fenyes 1918:97 (subgenus). 


Cameron 1939:61 (subgenus). 
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3.3.3.1.1.3.7 Subgenus Agaricophaena Reitter 

Agar icophaena Reitter 1908:85. Type species: Agar icophaena 
boleti (Linaeus) (from Staphylinus). Fixed by Reitter 
1909:85 by original designation. 

Reitter 1909:85 (subgenus of Gyrophaena) . Fenyes 1918:102 

(subgenus of Gyrophaena). Scheerpeltz and Hofler 1948:163 

(genus). Seevers 1951:740 (within Subgenus Agaricochara). 

Likovsky 1964:53 (within subgenus Agaricochara). White 


1977:311 (within subgenus Agar icochara). 


3.3.3.1.1.3.8 Subgenus Enkentrophaena Eichelbaum 
Enkentrophaena Eichelbaum 1913:139. Type species: 
Enkentrophaena pl icata (Fauvel) (from Gyrophaena) . 
Fixed by Blackwelder 1952:149 by subsequent designation. 
Eichelbaum 1913:139 (subgenus of Gyrophaena). Fenyes 
1918:96 (subgenus of Gyrophaena). Cameron 1939:57 (subgenus 


of Gyrophaena) . 


3.3.3.1.1.3.9 Subgenus Acanthophaena Cameron 
Acanthophaena Cameron 1934:23. Type species; Acanthophaena 
appendiculata (Motschulsky) (from Gyrophaena). Fixed by 
Blackwelder 1952:34 by subsequent designation. 
Cameron 1934:23 (subgenus of Gyrophaena). Cameron 1939:59 
(subgenus of Gyrophaena). 
Notes: Treated as a subgenus of Phanerota Casey in this 


revision. 
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3.3.3.1.1.3.10 Subgenus Leparthrophaena Scheerpeltz and 

Hofler 

Leptarthrophaena Scheerpeltz and Hofler 1948:64. Type 
species: Leptarthrophaena affinis (Sahlberg) (from 
Gyrophaena). Fixed by Blackwelder 1952:215 by 
Subsequent designation. 

Scheerpeltz and Hofler 1948:64 (subgenus of Gyrophaena). 


seevers 1951:670-671 (shown to be untenable subgenus). 


3.3.3.1.1.3.11 Subgenus Allocota Bernhauer 
Allocota Bernhauer 1916:428. Type species: Al]]ocota 
abnormalis Bernhauer. Fixed by Bernhauer 1916:428 by 
monotypy. 
Bernhauer 1916:428 (subgenus of Gyrophaena) . 
Notes: According to Blackwelder (1952), Allocota 
Bernhauer is a junior homonym of Allocota Motschulsky 
1860, Foerster 1868, and Meyrick 1904: and a synonym of 
Razia Bernhauer (renamed by Blackwelder 1952:82). 
Blackwelder (1952:46) transferred this taxon to 


Bolitochara Mannerheim as a Subgenus. 
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3.3.3.2 Phanerota Casey 

(Figures 12, DORE 25 An33 esd; 58.087 S616 46 100s LOS she Se pao": 

144, 151, 161, 164, 165, 179; 180, HIS 196 ).0218)) 

Phanerota Casey 1906:285. Type species: Phanerota fasciata 
(Say) (from Gyrophaena). Fixed by Blackwelder 1952:299 
by subsequent designation. 

Casey 1906:285, Fenyes 1918:96. Cameron 1934:23. Cameron 

1939:59. Seevers 1951:747. Seevers 1978:162 
Diagnostic combination. — Eyes extremely large, 

extended almost entire length of lateral Margins of head. 

Ligula entire, Protruded, more or less Parallel-sided. 

Microsetae sparse, integument Subglabrous. Spermatheca with 

neck elongate and coiled proximal to plate-like flange. 

Aedeagus form distinctive (Figures 195, 196), 

Description. — Length approximately 1.5 to 3.0 mm. 

Body more or less flattened, parallel-sided. Sculpture 

Beticulate, obsoletely reticulate, or smooth, uniform 

throughout body or various on different sclerites, surface 

Subshining to markedly shining. Body slightly pubescent to 

Subglabrous; microsetae few, small and scattered in 

specimens of most Species; punctures moderate to small, 

asperite or not. Macrosetae moderately large and 
conspicuous or rather small and inconspicuous. 

Beale. atFigures 13 )jet4bi-iMore oreless transverse, held 
more or less in plane of body. Sculpture various. 

Microsetae various, specimens of most Species with few to 


very few widely scattered microsetae; punctures moderate to 
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very fine. Macrosetae two pairs, one medial to each of 
anterior and posterior margins of eye, or absent. Eyes very 
large, globose, extended most of length of lateral margin of 
head, tempora obsolete; eyes coarsely faceted. 
Infraorbital carina markedly to very markedly developed, 
complete ventrally as medio-ventral margin of eyes, or 
obsolete anteriorly. Neck carina markedly developed. 
Antenna various, typical of subtribe. Antennomere 4 similar 
to 1-3. Antennomere 4 Subquadrate to elongate; 5-10 
elongate, subquadrate or slightly transverse (Figure 25). 
Mouthparts. — Labrum (Figures 33, 34) with major setae 
distinct, additional setae absent. Sensilla of medial 
sensory area well developed. Lateral sensilla row distant 
from lateral margin. Maxilla (Figure 75, 76) with tipsost 
lacinia with well developed "Spore brush". Teeth pedatdvely 
large, close to moderately spaced. Internal face of lacinia 
with moderate to many large to medium sized setae and 2 on 3 
widely spaced hyaline setiform sensilla. Galea with apical 
setae in 4 distinct rows, setae flattened, subspatulate to 
plate-like. Mandible (Figure 57, 58) rather robust, not 
bifid at tip. Right mandible with large internal tooth. 
Prostheca typical of subtribe. Labium (Figure 100, 101) 
with ligula entire, produced as a more or less 
Parallel-sided lobe, sides Slightly convergent from base to 
more or less broad apex in specimens of some Species; apical 
half of ligula inclined ventrally in specimens of some 


Species. Medial seta 1 reduced or absent in specimens of 
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many species, 

PoPaxese (Figurée123) = Pronotum slightly transverse, 
broadly oval in Outline, approximately 1.3-1.6 times as wide 
eas long.* Flatcor Slightly convex in cross Section, sides 
not or slightly depressed; antero-lateral border not 
markedly depressed. Hypomera partially to fully visible in 
lateral view. Anterior margin straight or broadly rounded. 
Hind margin not bisinuate, not medially emarginate. 
Pronotal sculpture reticulate; obsoletely reticulate or 
smooth, integument subshining to markedly shining. 
Macrosetae small, few to very few, widely scattered, 
Punctures fine to moderate. Macrosetae moderately large, 
conspicuous to small, inconspicuous; arrangement typical of 
Subtribe. Elytra (Figure 132) equal to or slightly longer 
than pronotal length; outer apical angles very Slightly*to 
not at all sinuate; Sculpture reticulate to smooth; 
microsetae few, widely scattered; punctures medium to fine, 
asperite or not; macrosetae moderately large to small. 
Prosternum (Figure 144) transverse to slightly transverse; 
with or without fine transverse carina, or carina obsolete 
medially; without medial Spine, carina or protuberance. 
Mesosternum without medial longitudinal carina. Mesosternal 
Process extended to middle or slightly posterior to middle 
Of midcoxal cavities (Figure 151). Metasternal process 
extended anteriorly in broad contact with mesosternal 
Process, suture unmodified, not fused. Isthmus absent. 


Apex of metasternal process truncate or broadly rounded. 
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Coxae widely separated. Metepisternal setae numerous to 
few, in single row; setose area delimited antero-laterally 
by fine carina or not. Hing tarsus (Figure 161) with first 
tarsomere as long as next 2 together, or, in specimens of 
some species, 1.0 to 1.5 times length of tarsomere 2: with 
well developed ctenidium on ventral surface. 

Abdomen. — More or less flattened. Sides parallel, 
Perga o-Sor 3-6 markedly to moderately transversely 
impressed. Sterna unmodified. Tergum 7 with anterior 
border modified as opening for abdominal gland ducts. 

Tergum 10 (Figures 164, 165) with medial setal patch more or 
less square, setae numerous to few, flattened, Subspatulate. 

Aedeagus. — (Figures 195, 196, 218) Known species with 
apical lobe of median lobe long, slender, and Spine-like. 
Flagellum long, slender, more or less whip-like. Parameres — 
not exceptionally modified (Figure 218), 

Spermatheca. — Neck elongate, coiled and/or convoluted 
Proximal to plate-like flange (Figures 179, 180). 

Secondary sexual characterist icS. — Both males and 
females with tergum 8 shallowly to deeply emarginate 
medially. Females with middle of emargination unmodified or 
with very broad low lobe internally. Males with 
€Margination with more or less distinct lobe internally. 
Males of some species with carina near postero-lateral 
Margin of elytra. Males of some Species with lateral 
margins of sternite 5 modified as leaf-like lobe and/or 


lateral paratergite 5 with thick Spine. Males of some 
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Species may also have some tergites or paratergites 
broadened and flattened and/or transverse impressions of 
tergites deepened. 


Discussion. — Casey (1906) described Phanerota to 


include several North American, West Indian and Mexican 
Species. Fenyes (1918) ranked Phanerota as a subgenus of 
Gyrophaena, although he recognized that Phanerota may 
Warrant generic status because he believed that the very 
large eyes crowd out the infraorbital carina. Seevers 
(1951) recognized Phanérota as a genus based primarily on 
the large eyes, lack of an infraorbital carina, and 
distinctive spermatheca. Both Seevers and Fenyes were 
incorrect since the infraorbital carinae are indeed present, 
although the large eyes encroach upon them so that the 
Carinae form the medio-ventral margins of the orbit. 

Seevers (1951) recognized that Acanthophaena Cameron 
was a Phanerota, but he did not formally place them in 
Synonymy. Based on the shared characteristics of extremely 
large eyes, similar secondary sexual characteristics, 
Particularly those on térgqun 8maesinibar Spermatheca, and 
Similar median lobe of the aedeagus, it seems appropriate to 
consider Phanerota Casey and Acanthophaena Cameron to 
represent a single genus. 

Therefore, two subgenera are recognized withinPhanerota 
Casey, distinguished from each other mainly by secondary 
Sexual characteristics of males. Additional Study may show 


that characteristics on which these 2 Subgenera are based 
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are inadequate to define Subgenera. Also, Phanerota s.st. 
may be paraphyletic with respect of Acanthophaena. However, 
Since 2 distinct groups can be recognized at present, it 
seems most useful to retain two Subgenera within this genus. 

Natural history. — As far as is known, both adults and 
larvae occur between gills of fleshy mushrooms. Ashe 
(1981a) described the life history and habits of Phanerota 
fasciata (Say), and (in press) has discussed host 
relationships of P. fasciata and P. dissimilis (Brichson). 

Immature stages. — Ashe (1981a) described larval 
instars and pupa of Phanerota fasciata (Say). 


Distribution. — The majority of species of Phanerota 


are tropical or subtropical. A few species occur in 
temperate regions of North America and Asia. Species of 
Phanerota s.st. are known from eastern North America, West 
Indies, Mexico, Central America and South America. Species 
of Acanthophaena occur in Africa, India, Southeast Asia, 
Australia, New Guinea and Japan. 

Major literature. — Adequate keys and descriptions are 
available only for the North American species (Casey 1906, 


seevers 1951) and the Indian Species (Cameron 1939). 
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3.3.3.2.1 Review of described Subgenera of Phanerota Casey 


3.3.3.2.1.1 Key to Described Subgenera 


1 


Males with sternum 5 with each lateral margin with large 
posteriorly directed lamelliform process. Males with 
terga and paraterga 3-5 or 3-6 very markedly broadened 
and flattened, and with transverse impressions deepened. 
Head with 2 macrosetae on each Side of dorsum, one each 
medial to anterior and posterior margin of eye ......... 


PREECE TOI Si atets ie ce o's oe! saterey. see eeeeeeeeee ACanthophaena Cameron 


Males without sternum 5 lateral margins with lamelliform 
Process. Males with terga and paraterga 3-5 or 3-6 at 
most slightly broadened and flattened, and transverse 
impressions at most only slighty deepened. Head without 


macrosetae SOLE PS eee) 0. 0cer ease a 05 6 Te eave. ou fererele tele Phanerota s.st. 
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3.3.3.2.1.2 Subgenus Phanerota Casey s.st. 

Phanerota Casey 1906:285. Type species: Phanerota fasciata 
(Say). Fixed by Blackwelder 1952:299 by subsequent 
designation. 

Diagnostic combination. — Heaa with moderate to small 
more or less widely separated microsetae. Macrosetae 
absent. Males with tergum 8 broadly emarginate, lateral 
edges of emargination more or less extended as blunt tooth; 
medial area of emargination with broad lobe, slightly bifid 
at apex or not. Males of some Species with acute carina on 
each elytron near apico-Jateral margin; with or without 
elevation near each inner margin. At least some sterna of 
males thickened laterally or not, but not with marked 
lamelliform process. Some terga and paraterga of males 
broadened and flattened or not, and transverse impression 
deepened or not, but not to the extremes found among males 


of Acanthophaena. 


3.3.3.2.1.3 Subgenus Acanthophaena Cameron 
Acanthophaena Cameron 1934:23. Type species: Acanthophaena 
appendiculata (Motschulsky) (from Gyrophaena). Fixed by 
Blackwelder 1952:34 by Subsequent designation, 
Diagnostic combination. — Head with microsetae 
Small, widely scattered. Macrosetae 2 on each side of 
dorsum, on each medial to anterior and posterior margin 
of eye. Males with tergum 8 similar to that of 


Phanerota s.st. Tergum 7 with or without Carinae near 
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apico-lateral margins. Sterna with or without some 
lateral margins thickened; sternum 5 with each lateral 
margin with well developed, posteriorly directed 
lamelliform Process; lateral paratergum 5 broadened and 
with large posteriorly directed spine or not. Terga and 
paraterga 3-5 or 3-6 markedly broadened, flattened, and 


transverse impressions deepened. 


3.3.3.3 Eumicrota Casey 

(Figures 14, 267935) (O95 R tira 02% L241 2550, 033 eel 39 . 145, 

peo, 81, 197, 198, ZLOVE23 59-247) 

Eumicrota Casey 1906:280. Type species: Eumicrota 
corruscula (Erichson) (from Gyrophaena). Fixed by 
Penyes 1918:22 by subsequent designation. 

Casey 1906:280. Fenyes 1918:101. Seevers ROS 27325 

Seevers 1978:162. 

Diagnostic combination. — Size small (most adults 1.0 

mm or less in length). Pronotum transverse, 1.7-2.1 times 

as wide as long. Ligula entire, protruded, more or less 

Parallel-sided. Tergum 10 with setal Patch in distinct 

V-shaped row. Aedeagus form distinctive (Figure 197), 

Description. — Minute to very small, length 

approximately 0.6 to 1.5 mm, adults of most Species 1.0 mm 

Or less in total length. Body of most dark, piceous, 


brownish-black or black. Body parallel-sided, flattened to 
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slightly robust. Body sculpture reticulate throughout in 
most; integument shining to Subshining; moderately to more 
Or less strongly pubescent, setae short, numerous and 
uniformly and closely spaced in most Species, setae fewer 
and less densely arranged in some. Punctures moderate to 
small, asperite in many. 

mead. MlFhiguret 14)e—eMoresor less transverse; held more 
Or less in plane of body to slighly deflexed; sculpture 
reticulate. Microsetae short, numerous and densely arranged 
in most or fewer and more Sparsely arranged. Punctures fine 
to minute. Macrosetae absent in specimens of most Species, 
some with very small, difficult to distinguish, pair of 
macrosetae medially on vertex. Eyes moderate in size. 
Infraorbital carina complete, moderately to markedly 
developed. Neck carina distinct. Antenna (Figure 26) 
Short, in majority of Species not longer than head and 
Pronotum together. Antennomere 4 similar to 1-3. Specimens 
of most species with antennomere 4 small, transverse to 
Subguadrate; 5 wider than 4; 6-10 markedly transverse, 
Subequal to 5 in width so that antennomeres 5-10 form a 
loose, parallel-sided club. Specimens of some species with 
antenna more elongate, article 4 longer than wide, 5 
Quadrate, and 6-10 transverse (see discussion below). 

Mouthparts. — Labrum (Figure 35) with major setae 
distinct, additional setae absent. Medial sensory area with 
Sensilla well developed; lateral sensory row present, 


distant from lateral margin, 3-4 sensilla. Mandibles 
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(Figure 59) typical of Subtribe. Not bifid at apex. Right 
mandible with small tooth internally, or tooth very slightly 
developed. Maxilla (Figure 77, 235) with apex of lacinia 
truncate, with well developed "spore brush"; teeth of spore 
brush small, numerous and densely arranged in most. 

Internal face of lacinia with 3 or 4 large, hyaline setiform 
sensilla. Galea with apical setae in 4 distinct rows, setae 
Subspatulate to plate-like. Labium (Figure 102) with ligula 
entire, produced as a more or less parallel-sided lobe; 
medial seta 1, 

Thorax. — Pronotum (Figures 124, 125) markedly 
transverse, 1.7 to 2.1 times as wide as long; Slightly. to 
moderately convex in cross section, sides Sslightivato 
moderately. depressed, antero-lateral borders moderately 
depressed. Hypomera narrowly visible to not visible 
in lateral view. Anterior margin of pronotum Straight. 
Posterior margin moderately, very Slightly, Vortin specimens 
of a few species, not at all bisinuate; posterior margin not 
emarginate medially. Pronotal sculpture reticulate; 
integument subshining or dull. Microsetae various, short, 
numerous, and uniformly distributed in most species to fewer 
and sparsely distributed; punctures Sparse and fine to 
Slightly asperite; macrosetae small, inconspicuous, 
difficult to distinguish from microsetae in most. Elytra 
(Figure 133) equal to or longer than Pronotal length; outer 
apical angles moderately to very slightly Sinuate; 


integument reticulate, subshining to dull; microsetae 
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numerous, uniformly distributed in most species, asperitely 
punctate or not.; macrosetae inconspicuous, as in 
Gyrophaena. Prosternum (Figure 145) transverse to Strongly 
transverse; with or without faint transverse Carina; without 
prominent medial knob, carina or Protuberance. Mesosternum 
without medial longitudinal carina. Mesosternal process 
length various, extended from Slightly beyond middle to 
posterior 1/4 of middle coxal Cavities; juncture with 
metasternal process broadly truncate, suture fused in 
Specimens of a few species. Isthmus absent. Coxae widely 
Separated. Setae on metepisternum numerous to few, in 
Single row; setose area not delimited by a carina or with 
very slight carina anteriorly. Tarsomere 1 of hind tarsus 
equal in length or Slightly longer than 2, with indistinct 
ctenidium on inner surface. 

Abdomen. — Flattened, sides parallel. Terga 3-5 (6 
very slightly in some) moderately to slightly transversely 
impressed. Sterna unmodified. Tergum 7 with anterior 
border modified for opening of abdominal gland ducts. 
Tergum 10 (Figure 166) with medial setal Patch arranged in 
distinct V-shaped rows; setae unmodified or flattened. 

Aedeagus. (Figures 197, 198, 219) — Most species in 
genus with variation on very distinctive basic form. Median 
lobe with apical process slender and elongate; in most with 
knob or hook-like structure apically. Flagellum elongate, 
whip-like, and apical half or more tightly coiled. 


Parameres not extensively modified (Figure 219). 
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Spermatheca. (Figure 181) — Typical of subtribe, 
Simple. 

Secondary sexual Characteristics. — Varied among 
Species. Posterior margin of tergum 8 of male (and in some 
Species, female) of many species broadly emarginate. Males 
of others with posterior margin of tergum 8 lobed or toothed 
medially. Other terga modified or not. Males of some 
Species with lateral margin of sterna modified. Some 
tropical species with male and female with distinctively 
different sexual modifications. 


Discussion. — Seevers (1951, 1978) believed that 


Eumicrota Casey was closely related to Agaricochara Kraatz, 
and the two genera should possibly be combined. He based 
this primarily on similarities in the very transverse 
Pronotum and similar intercoxal Processes. It appears, 
however, that Eumicrota and Agaricochara are not closely 
related within the Gyrophaenina (see Sec Oren. 52. 2s js 
Eumicrota is a very distinct group, and, based on the 
derived characters of general form of the median lobe of the 
aedeagus and the V-shaped setal patch on tergumeat0y @it-is 
almost certainly monophyletic. 

Most members of Eumicrota have a characteristic habitus 
of small Size, dark color, transverse pronota, and very 
transverse antennomeres. However, a few Neotropical 
Jyrophaenines share the derived character states of 
Eumicrota (aedeagal form, and form of setal Patch on tergum 


10), but are larger and have a general habitus more similar 
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to that of members of Gyrophaena s.st., and elongate 
antennomeres, Gyrophaena varians Sharp also has male and 
female specimens with markedly different secondary sexual 
characteristics. Because they share derived characters with 
other Eumicrota, these are here considered to belong to this 
genus. 

Natural] history. — As far as is known, members of 
Eumicrota are found most commonly on fleshy polypore 
mushrooms on logs. They can also be found in large numbers 
on some more persistent gilled mushrooms on logs, and on 
woody and/or resupinate polypore mushrooms (Seevers Uicioa! 
and personal observations). 

Immature stages. — Immature Stages of members of 
Eumicrota have not been described. 


Distribution. — As)far as is Presently known, members 


of Eumicrota are limited to the New World. Most species are 
tropical or subtropical. Seven Species occur in America 
north of Mexico. Two of these are widespread in eastern 
North America. Others are limited to the Gulf States or 
Southwest. Several described West Indian and Central 
American species should be asSigned to this genus, and I 
have seen many undescribed species from Mexico, Central 
America and South America. 

Major literature. — Only Casey (1906) and Seevers 
(1951) provide more or less useful keys and descriptions of 
members of Eumicrota. Both of these are North American in 


scope. 
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3.3.3.4 Encephalus Kirby 

(Figures 36, 60, 61, 78-80, 103, 104, 134, OSPR 167; 182° 

Beret 997620050201, 220-8. 22a) 

Encephalus Kirby 1832:163. Type species: Encephalus 
complicans Kirby (in Stephens 1832:163). Fixed by 
Stephens 1832: 163 by monotypy. 

Kirby) 1832:163. -Kraatz 1856:351. Thomson 1860:265. 

Mulsant and Rey 1871:11. Fauvel 1872:360. Fowler 18883151, 

Gangelbauer 1895:304, Casey 1906:85. Reitter C909 365. 

Fenyes 1918:94, Scheerpeltz 1930:70. Seevers 1951:752., 

Lohse 1974:26. Seevers LORS -164% 

Diagnostic combination. — (Holarctic species only) Very 
robust, broadly oval in dorsal aspect. Head markedly 
deflexed into vertical plane. Antenna Short, as long as 
head and pronotum together; antennomeres 5-10 transverse, 
6-10 forming a losse incrassate club. Pronotum markedly 
convex, hypomera not visible in lateral aspect.© Ligula 
broadly rounded. Mesothorax in vertical plane. Mesosternal 
Process very wide and long, extended to posterior margin of 
middle coxal cavities. Middle coxae very widely separated. 

Description. — Length approximately 1.5 to 2.2 mm. 

Body shape broadly oval, robust, oval in cross section. 

Body sculpture markedly reticulate to reticulate throughout; 

body Subshining. Body subglabrous, setae few, Short, widely 

scattered; punctures small. 

Head. — Slightly transverse, much narrower than 


anterior margin of prothorax; inclined, oblique to almost 
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vertical; reticulate throughout; microsetae Small, few, 
widely Scattered; punctures very small to moderate; 
Macrosetae absent. Eyes moderate in Size. Infraorbital 
Carina complete, well developed. Neck carina well 
developed. Antenna Short, sabouteas long as head and 
Pronotum together. Antennomere 4 similar to ison 
Antennomeres 5-10 transverse; 6-10 gradually increased in 
width distally, in form of loose incrassate club. 

Mouthparts. — Labrum (Figure 36) with major setae 
distinct, without accessory setae; lateral sensilla row 
Slightly developed or absent; medial sensory area with 
Sensilla well developed or reduced. Mandibles (Figure 60) 
not bifid at apex, right mandible with small internal tooth. 
Prostheca typical of subtribe. Maxilla (Figure 78, 79) with 
tip of lacinia truncate with well developed spore brush; 
Spines relatively thick ana long, widely spaced. Setae on 
inner face of lacinia in Single row. Inner face of lacinia 
with 3 or 4 widely Spaced hyaline sensilla. Galea with 
apical setae in 4 distinct rows, setae subspatulate to 
plate-like. Labium (Figure 103) with ligula entire, 
Produced as broadly rounded lobe. Medial seta leis 

Thorax. — Pronotum moderately to markedly transverse, 
me-tO 2.0 times-as wide as long, markedly convex. Sides 
moderately depressed, in dorsal aspect narrowed and broadly 
rounded proximal to apical angles, these acute, very 
markedly depressed, embracing sides of head; hypomera not 


Visible in lateral aspect; anterior margin straight or 


; [ji £4 
Hao st b {law's 
. 3 | fi 
; s seeds: 7 Seen “annie: 
) | at \ Nee) 
iamnhanere. “dada 
2Tavanexa 
ae 
‘eange gu 
‘ 
—~ 
| ’ ipree in bo ae 
b 


ant ord 766 act ri) tabia. Belt i: 

, ; a 7 ; 
40 iaage Ri piesa totregta, 
re fier Y 
ie Ue 


- . r 


“ oad iy > aS 


ay 


broadly emarginate and bisinuate, covering base of head; 
hind margin broadly rounded, not bisinuate, with medial 
emargination; Sculpture reticulate throughout; microsetae 
few, Slight, Scattered, punctures Small; macrosetae Small, 
M.L.2 and M.L.4 very reduced, small or absent; punctures 
Small, Each elytron wider than long; sutural length less 
than or subequal to Pronotal length. Outer apical angles 
rounded, not Sinuate; apical and sutural margin depressed 
and narrowly beaded: surface uniformly reticulate 
throughout; microsetae few to moderate in number, punctures 
very small to small. Prosternum Slightly to moderately 
transverse with a slight transverse ridge; without prominent 
medial knob, carina or protuberance; markedly declivous 
posteriorly. Mesosternum markedly declivous with Slight 
medial longitudinal Carina, indistinct before apex of 
Process or not carinate but with very slight, low, medial 
ridge in anterior 2/3. Mesosternal process very wide, 
extended to posterior margin of middle coxal cavities, apex 
truncate or broadly rounded. Metasternal Process not 
extended between coxal cavities. Suture between processes 
complete, not fused, Slightly raised into low bead. 
Metepisternum (Figure 157) with few setae in single row on 
Posterior 1/3: setose area delimited by faint carina 
anteriorly. Tarsomere 1 of hind tarsus about as long as 2, 
with 6 to 7 setae in form of slight ventro-lateral 


ctenidium. 
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Abdomen. — Broadly oval in dorsal aspect, wzobust. 

Terga markedly transverse, together in form of broad flat 
plane. Terga 3-5 (or 3-6) Slightly transversely impressed. 
Tergum 7 with anterior border modified for Openings to 
abdominal gland ducts. Tergum 10 with setal patch more or 
less Square; setae few to moderate in number, not flattened 
Or subspatulate. 

Aedeagus. (Figures 199, 200) — Median lobe with apical 
process Simple, not highly modified. Flagellum slender, 
tubular. Parameres not markedly modified (Figures 220pe@22 1) 

Spermatheca. — Typical of Subtribe, simple 
(Figure 182). 

Secondary sexual characters. — Males of known species 
with posterior margin of tergum 8 with 4 slender Spiniform 
processes, 


Discussion. — Similarities in ligula structure, 


meso-metasternal processes, maxillary structure, general 

body form and aedeagal structure indicate that the Holarctic 
members of Encephalus form a monophyletic group. However, 
Encephalus zealandicus Fauvel and E. Jatulus Brown, while 
Superficially similar in habitus to Holarctic species, 

differ from the description given above in a number of ways, 
including: smaller size (adults 1.1 to 1.3 mm in length); 
antennae longer, with club formed from antennomeres 5-10 less 
incrassate; lateral margins of pronotum not as markedly 
deflexed; pronotum hind margin not emarginate medially;' 


elytra very markedly sinuate on lateral apical angles; terga 
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and paraterga not as markedly widened, abdomen not as 
robust; terga, Paraterga and lateral margins of sterna with 
long, dark macrosetae; mesosternal process extended only 4/5 
distance to posterior margin of middle coxae; labium with 
ligula very elonate, Protruded, parallel-sided and entire 
(Figure 104); and different form of median lobe of aedeagus 
(Figure 201). Either the concept of Encephalus will have to 
be modified, Or, aS seems more likely, the New Zealand forms 
will have to be placed in a separate genus. Decision about 
which of these should be done requires a great deal more 
material than is available to me, and more comprehensive 
comparative studies within Gyrophaena, to which these forms 
are probably related. These studies are outside the scope 
of this treatment, and I only call attention to the problem 
here. 

Relationships of Encephalus are unclear. The broad, 
undivided ligula is similar to that found in members of the 
"Brachida" lineage. However, in maxillary structure and 
many body characteristics, specimens of Encephalus are more 
Similar to many members of Gyrophaena. The median lobe of 
the aedeagus of FE. americanus Seevers and E. complicans 
Kirby is remarkably similar to that found in members of the 


G. nana species group of Seevers (1951). 
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Natural history. — Members of Encephalus are seldom 
found on fresh mushrooms. They are usually encountered in 
hay, rotting grass and hillocks in bogs (Lohse 1974), 

Immature stages. — These have not been described. 


Distribution. — Four Species are known from the 


Palearctic region, 1 described Species from the Nearctic 
region, and 2 described Species from New Zealand (but see 
discussion above). 

Major literature. — There is no comprehensive revision 
of the species of Encephalus. £. americanus Seevers is well 
described and illustrated by Seevers (1951) and 
E. compl icans Kirby is well described and illustrated in a 
number of places in the European literature (e.g. Likovsky 


1964, Lohse 1974), 


3.3.3.5 Probrachida New Genus 

(Figures oi, 837241, 162%64% 91=84 2105=107, 1685518422202) 

mere 22) 522312224) 

Probrachida new genus. Type species: Probrachida modesta 
(Sharp) (from Brachida). Fixed here by original 
designation. 

Diagnostic combination. — Relatively large (adults 2.5 
to 3.5 mm in length), more or less robust to parallel-sided., 

Head deflexed, oblique. Pronotum with apico-lateral margins 


deflexed, convex in cross section; hypomera not visible in 
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lateral view; hind margin emarginate medially. Labium with 
ligula entire, broadly rounded; medial setae 2. Maxilla 
with setae on inner face of lacinia numerous, Scattered, in 
most Specimens; inner face of lacinia with additional teeth 
Or spines (Figure 81-84). Galea with setae on apex in many 
very close rows: setae unmodified, filiform (Figure /83., 084). 
Aedeagal form distinctive CR igure 20261203) 

Description. — Length of adults 2.5 to 3.5 mm. Body 
robust, elongate, oval in dorsal aspect, or more or less 
parallel-sided. Sculpture reticulate to obsoletely 
reticulate, surface Subshining to shining. Microsetae 
moderately short, densely arranged, body pubescent, or 
microsetae long, silky and very densely arranged, body 
Subhirsute; punctures small, inconspicuous to large, 
distinct. Macrosetae small, inconspicuous to obsolete. 

Head. — Slightly transverse, Slightly or moderately 
deflexed to oblique plane; reticulate to obsoletely 
reticulate throughout; microsetae moderate in size to long 
and silky, densely arranged; macrosetae absent. Eyes 
moderate in size. Infraorbital carina complete, moderately 
to markedly developed. Neck carina well developed. Antenna 
as long as head, prothorax and 1/2 of elytra together. 
Antennomere 4 elongate, similar to 5-10 or Similar to 1-3 
(Figure 27), or intermediate in some; 5-10 elongate or 7-10 
Subquadrate. Antenna parallel-sided from antennomeres 3-10 


Or 4-10, 
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Mouthparts. — Labrum (Figures 37-41) with major setae 
distinct and moderately well developed, or difficult to 
distinguish from numerous accessory setae. Lateral sensilla 
row well developed, of 5 to 7 Small, spine-like sensilla, at 
lateral margin. Medial sensory area with sensilla variously 
developed. Mandibles (Figures 62-64) both, left only, or 
neither bifid at apex; right with or without an internal 
tooth; prostheca typical of subtribe or with medio-internal 
area of fimbriate fringes of spine-like rather than bifid 
Structures. Maxilla (Figures 81-84) with apex of lacinia 
truncate with well developed "spore brush", spines more or 
less numerous and long; setae on inner face of lacinia 
numerous to few, scattered or in a Single irregular row; 
inner face of lacinia with a few spines on margin proximal 
to spore brush; galea with apical setae in numerous close 
Tows, setae filiform. Labium (Figures 105-107) with ligula 
broadly rounded, entire; medial setae 2. 

Thorax. — Pronotum moderately transverse, 1.6 to 1.9 
times as wide as long; convex, antero-lateral margins 
Strongly deflexed in some; apical angles and anterior margin 
broadly rounded; posterior angles obtuse; posterior margin 
very slightly or not at all bisinuate, emarginate medially; 
Sculpture reticulate or obsoletely reticulate; microsetae 
moderate in size or long and silky, densely arranged; 
Macrosetae small to obsolete. Elytra with apico-lateral 
angles not Sinuate, setae long, silky, densely arranged; 


punctures small or large, uniformly distributed. Prosternum 
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Slightly transverse, with very slight transverse carina or 
carina absent; without medial knob, carina or protuberance. 
Mesosternum broad in front of coxae; with marked medial 
longitudinal carina or carina absent or with low difuse 
ridge medially. Mesosternal process very wide, extended to 
posterior margin of middle coxal cavities, apex truncate. 
Metasternal process not or very slightly extended between 
coxal cavities. Suture between meso- and metasternal 
Processes complete, not fused, Slightly beaded in some, or 
more or less fused. Metepisternum with setae numerous, in 2 
Or more irregular rowS Or single row anteriorly and 2 
irregular rows posteriorly; setal punctures large, 
conspicuous, or moderate in Size; setose area in deep groove 
Or not, with slight antero-ventral Carina or not. Tarsomere 
meotehind ‘tarsus 123)'to 220 times as long as 2; with or 
without ventro-lateral ctenidium. 

Abdomen. — Broadly oval, elongate oval or more or less 
Parallel-sided in dorsal aspect; more or less densely 
Pubescent. Terga 3-5 Slightly transversely impressed. 
Sterna not modified. Tergum 7 modified for openings to 
abdominal gland ducts. Tergum 10 (Figure 168) with setal 
Patch more or less Square; setae numerous, not flattened. 

Aedeagus. (Figure 202;:203)'— Median lobe with apical 
Process small, laterally flattened, blade-like or reduced; 
flagellum long, exerted, whip-like. Parameres not 
extensively modified, or apical process with accessory 


Setae. 
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Spermatheca. — (Figure 184) Neck elongate proximal to 
plate-like flange, or neck elongate and coiled and flange 
obsolete. 

Secondary sexual] Characters. — Posterior margin of 
Pergumss.ofsmale broadly, Shallowly emarginate. Female 
unmodified, or broadly, Shallowly emarginate. 


Discussion. — Except for the broad, entire ligula and 


general habitus Similarities, New World species of Brachida 
described by Sharp (1883) share few characteristics with Old 
World Brachida as typified by B. notha (Erichson) and 
B. exigua Heer. Two medial setae on the labium, accessory 
teeth on the inner face of the lacinia, more rows of setae 
on the galea, and very different form of secondary sexual 
Characteristics and median lobe of the aedeagus, seem to 
peer ant Placing the New World Brachida in a Separate genus. 
The taxon Probrachida new genus is here proposed to contain 
these New World species. It is possible that Probrachida 
might prove to be a subgenus of Brachida Mulsant and Rey 
with additional Study. However, available data do not 
Support this conclusion. In Particular, the different 
number of medial setae on the labium and very different 
forms of the median lobe of the aedeagus of members of these 
two taxa suggest that they are not very closely related. 
Relationships of Probrachida are not well understood. 
In mouthpart structure, members of Probrachida are more 
Plesiotypic than any other gyrophaenine. Probrachida may be 


the sister group to all other Gyrophaenina (Figure 252) or 
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the sister group to Brachida (Figures 253):" Ifsthe latter, 
then Probrachida and Brachida together would form the sister 
group to all other Gyrophaenina. 

Type species. — Brachida modesta Sharp 1883:265 is here 
designated as the type species of Probrachida new genus. 

B. modesta is chosen for two reasons: it appears first in 
the text (Sharp 1883) and there are more specimens in the 
Syntype series of this species (15 specimens, including both 
males and females) than for any other member of the genus. 
The syntype series is in the collection of the British 
Museum (Natural History). 

Included species. — The following species are 
transferred from Brachida Mulsant and Rey to Probrachida new 
genus: 

Probrachida batesi (Sharp 1876:49) new comb., 
Probrachida carinata (Sharp 1883:266) new comb. 
Probrachida geniculata (Sharp 1883:266) new comb. 
Probrachida modesta (Sharp 1883:265) new comb. 
Probrachida reyi (Sharp 1876:49) new comb. 


Probrachida sparsa (Sharp 1883:266) new comb. 


Brachida importuna Erichson (1839-40) from Colombia, 
B. sexalis Bernh. (1922) from Bolivia, and B. tumidula 
Erichson (1839-40) from Colombia may also belong to 
Probrachida, but I have not had Opportunity to examine 


Specimens of these species. 
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Natural history. ~— Nothing is known of the natural 


history of members of Probrachida. 


Immature Stages. — Undescribed. 


DIstPi bution! «= Species of Probrachida are known only 


from the New World tropics or subtropics. Four Species are 
known from Central America, and two from the Amazon region. 

Major literature. — Species here included in 
Probrachida have not been discussed except in the Original 
descriptions by Sharp (1876, 1883). Sharp's descriptions 
are Superficial and he Provides no keys to Species or 


figures of structural features. 


3.3.3.6 Brachida Mulsant and Rey 

(Figures 15, 42-46, 65, 85-87, 108, 109, 158, 185, 204-206, 225) 

Brachida mow nit and Rey 1872:94, Type Species: Brachida 
notha (Erichson) (from Homalota). Fixed by Mulsant and 
Rey 1872:94 by monotypy. 

Mulsant and Rey 1872:94. Fauvel 1872:646,. Gangelbauer 

1895:305. Casey 1906:279. Reitter 1909:86, Fenyes 

1918:92. Cameron 1939:50. Lohse 1974326. 

Diagnostic combination. — More or less robust, 
elongate-oval in dorsal aspect. Body macrosetae long, more 
Oreitess: silky. body markedly pubescent. Head deflexed into 
more or less oblique plane; base covered by anterior margin 
of prothorax. Pair of macrosetae Present on vertex of head. 
Maxilla with setae on inner face of lacinia numerous, in 


Single row or Scattered; inner face of lacinia without 
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teeth; setae on apex of galea in numerous to few close rows, 
etae unmodified, filiform. Labium with ligula broadly 
rounded, entire. Spermatheca (Figure 185) and aedeagus 
(Figure 204-206) form distinctive. 

peseniptions.— Length of adult 1.5 to 2.7 mn. Body 
robust, elongate-oval in dorsal aspect. Surface sculpture 
reticulate or smooth; integuments shining to subshining. 
Microsetae long, silky, densely arranged and body very 
pubescent, or microsetae Shorter and body slightly 
pubescent; punctures small to moderate. 

ead #eA(F igure<15) <= Slightly transverse, oval, 
deflexed into more or less oblique plane; microsetae 
numerous, closely arranged, long or short; Macrosetae pair 
PUSvVertex or not; setae large, conspicuous, or small, 
inconspicuous. Infraorbital carina complete, well 
developed. Neck carina Slightly developed. Antenna 
various, as long as head and Pronotum together, to as long 
as head, pronotum and 1/2 elytra together. Antennomere 4 
elongate, quadrate or Slightly transverse; 5-10 elongate or 
more distal antennomeres Subquadrate to quadrate, 

Mouthparts. — Labrum (Figures 42-46) with major setae 
well developed or difficult to distinguish from numerous 
accessory setae. Lateral sensilla rows of 3 to 5 spiniform 
Sensilla, near to slightly distant from lateral margin; 
medial sensory area with sensilla well developed. Mandibles 
(Figure 65) with left bifid at apex or not, right not bifid; 


right with well developed internal tooth. Prostheca typical 
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of subtribe or medial internal fringe with processes 
Spiniform rather than bifid. Maxilla (Figures 85-87) with 
apex of lacinia obliquely truncate, with well developed 
Pspore brush": “setae on inner face of lacinia numerous to 
few, in single row or Scattered; inner face of lacinia 
without teeth, with 2 to 3 hyaline sensilla; galeal setae in 
few to numerous close rows, setae filiform, not flattened. 
Labium (Figure 108, 109) with ligula entire, produced as 
broadly rounded lobe: medial Seta 1. 

Thorax. — Prothorax moderately transverse, 1.6 to 1.9 
times as wide as long, convex, anterior angles and sides 
depressed; hypomera not visible in later aspect; more or 
less broadly oval in dorsal aspect; posterior margin not 
bisinuate to very Slightly sinuate, emarginate medially or 
not; sculpture reticulate, obsoletely reticulate or smooth; 
microsetae numerous, long to more or less short, densely 
arranged; macrosetae large, conspicuous, to small, 
inconspicuous, or obsolete. Elytral apico-lateral angles 
not to slightly sinuate. Prosternum slightly to moderately 
transverse, with or without slight transverse ridge; without 
medial knob, carina or protuberance. Mesosternum broad in 
front of coxae, without medial longitudinal ridge along 
midline. Mesosternal process long, reaching apex of middle 
coxal cavities, apex truncate or slightly emarginate. 
Metasternal process extended slightly between middle coxal 
Cavities or not. Suture between meso- and metasternal 


Processes complete, not fused. Metepisternum (Figure 158) 
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with setae numerous, scattered, or in 2 irregular rows; 
Setose area not margined antero-ventrally by carina or with 
faint carina. Tarsomere 1 of hind tarsus ieouco 2Ze0ttimes 
as long as 2; with ventro-lateral ctenidium. 

Abdomen. — Elongate oval in dorsal aspect, robust; more 
Or less densely pubescent or with few scattered setae. 
peegals=5)orr 3-6 moderately to Siagney transversely 
impressed. Sterna not modified. Anterior margin of tergum 
7 modified for openings to abdominal gland ducts. Tergum 10 
with setal patch more or less square; setae Numerous, not 
flattened. 

Aedeagus. (Figures 2UsS206ERO250u= Distinctive; median 
lobe with apical Process small; flagellum long, Slender, 
coiled internally within median lobe. 

Spermatheca. ariause 185) 2= Distinctive; typical of 
Subtribe, neck elongate, coiled distal to lateral flange. 

Secondary sexual characterist icS. — Males with 
posterior margin of tergum 8 broadly sinuate or emarginate. 
lateral margins of sinuation produced as spines or not; 
Sinuation with or without medial Sspinose processes; tergum 7 
with or without slight medial knob. Females unmodified. 


Discussion. — Brachida Mulsant and Rey badly needs 


comprehensive study on a world-wide basis. A large number 
of species have been described from all Parts of the world 
except America north of Mexico. I think that all New World 
Species should be in the genus Probrachida (see disscussion 


under that genus). It is uncertain which of the remaining 
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described species should be included in Brachida. It 
appears from the very distinctive autapotypic structure of 
the spermatheca and median lobe of the aedeagus, that the 
group characterized by these features is monophyletic. I 
have examined specimens of a number of species of Brachida 
from widely separate localities and found the distinctive 
features of these characters to be uniform. Therefore, I 
think that many of the described species should be included 
in the same genus as the European forms of Brachida. 
However, it also appears that many species have been 
incorrectly assigned to Brachida. For example, Brachida 
elevata Fauvel is a Sternotropa and Brachida Zealandica 
Bernh. is not a gyrophaenine (10-articled antenna indicates 
that it should probably be placed in the tribe Oligotini). 

Relationships of Brachida are uncertain. It may be 
hypothesized to be either the sister group to Probrachida, 
Or the sister group to the "Sternotropa" + "Gyrophaena" 
lineages. Members of Brachida are highly autopotypic in 
many structural features (including Spermathecal and 
aedeagal structure) and relatively plesiotypic in mouthpart 
Structure (particularly structure and arrangement of setae 
on the galea and lacinia of the maxilla; see Section 4.2.2.5 
for a detailed discussion). 

Natural history. — Little is known of the natural 
history of species of Brachida. They are occasionally found 
on fungi (usually associated with wood) (Benick (ert g Pe" dey the 


Lohse (1974) gives the habitat of Brachida €xigua Heer as 
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grass tufts and ground litter, and Cameron (1939) States 
that specimens of Brachida are found in moss and dead leaves 
in addition to Bung ie 

Immature stages. — Undescribed. 

Pistributionts=<1f Neweworla forms of Brachida are 
moved to Probrachida, then the numerous remaining species 
are found throughout the Olg@ World. Species are known from 
Europe, Africa, India, Southeast Asia, Japan, New Caledonia, 
Australia and New Zealand. 

Major literature. — There is no comprehensive 
discussion with complete keys and descriptions of species of 
Brachida of any region except India (Cameron 1939) and 


Europe (Lohse 1974, Likovsky 1964, and others). 


3.3.3.7 Agaricochara Kraatz 

(Figures 16, 47, 66, 88, 257e 140, 4026, 604691452% 169, 186, 

Bene 2650 242.249) 

Agaricochara Kraatz 1856:361. Type species: Agar icochara 
laevicollis Kraatz. Fixed by Kraatz 1856:361 by 
monotypy. 

Kraatz 1856:361. Mulsant and Rey 1871:90. Gangelbauer 

1895:304. Casey 1906:278. Reitter 1909:85. Fenyes 

1918:92. Scheerpeltz 1930:70. Seevers 1951:740. Lohse 


1974:130. White 1977:304. Seevers 1978:163. 
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Diagnostic combination. — Small beetles, adults 1.2 to 


1.5 mm in length; surfaces reticulate, with short pubescence 
throughout. Head almost round in dorsal aspect, deiatimes 
as wide as long. Pronotum moderately transvere, 1.6 to 1.7 
times as wide as long. Mesosternum with medial longitudinal 
Carina to 1/2 distance to apex of mesosternal process. 
Mesosternal process extended 2/3 distance to base of middle 
coxae, separated from metasternal process by very short 
isthmus; MS eP:I :Mt.P=7:0. 5d Maxilla with setae on inner 
face of lacinia numerous, scattered; setae on apex of galea 
in 4 distinct rows, setae flattened. Labium with ligula 
protruded, parallel-sided, bifid 1/3 to 1/2 distance to 
base;' medial seta 1. Aedeagus form distinctive 

(Figure 207). 

Description. — Small beetics, cddultsmipcaromtasenm in 
length; more or less flattened and parallel-sided. 

Sculpture reticulate throughout; integument Ssubshining to 
dull. Macrosetae short, more or less densely arranged 
throughout; punctures small to moderate. 

Head. (Figure 16) — Round to Slightly transverse in 
dorsal aspect; 1.0 to 1.1 times as wide as long; not or 
Slightly deflexed to oblique plane; tempora large, broadly 
rounded to base of head; microsetae numerous, short, more or 
less densely arranged; macrosetae absent. Eyes moderate in 
Size. Infraorbital carina Present, slightly developed. 

Neck carina present, slightly developed. Antenna longer 


than head and prothorax together; antennomeres 4 similar to 
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1-3, elongate: 5-7 longer than wide; 8-10 Subquadrate to 
quadrate. 

Mouthparts. -— Labrum (Figure 47) with major setae 
distinct; without accessory setae. Lateral sensilla row 
with 2-4 slightly developed spiniform sensilla, distant from 
lateral margin; medial sensory area with sensilla well 
developed. Mandibles (Figure 66) not bifid at apex; right 
with slight internal tooth. Prostheca typical of subtribe. 
Maxilla (Figure 88) with apex of lacinia obliquely truncate, 
with well developed spiniform "spore brush", teeth small, 
close densely arranged; setae on inner face of lacinia more 
Or less numerous, Scattered; setae on apex of galea in 4 
distinct rows, setae flattened. Labium (Figure 110) with 
ligula protruded, parallel-sided, bifid 1/3 to 1/2 distance 
to base, medial seta 1. 

Thorax. — Prothorax (Figure 126) moderately transverse, 
1.6 to 1.8 times as wide as long, slightly convex; 
antero-lateral angles Slightly depressed; hypomera very 
narrowly visible in lateral aspect or not; posterior margin 
Slightly bisinuate, not emarginate medially; sculpture 
reticulate: microsetae numerous, small, uniformly and 
densely distributed; macrosetae small, inconspicuous. 
Elytral apico-lateral angles not or Slightly sinuate. 
Prosternum (Figure 146) moderately transverse, with fine 
transverse carina; without medial knob, carina or 
Protuberance. Mesosternum with moderate medial longitudinal 


Carina to 1/2 distance to apex of mesosternal process. 
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Mesosternal process extended 2/3 distance to base of middle 
coxae, separated from metasternal Process by a very short 
isthmus; Ms.P:I:Mt.P ratio = 7:0.5:4, Metepisternum with 
Setae in single row, margined antero-ventrally by slight 
Carina. Tarsomere 1 of hind tarsus 1.2 to 1.3 times as long 
as 2, with slight ventro-lateral ctenidium of 6 to 7 setae. 

Abdomen. — Parallel-sided or Sides slightly convergent 
from base to apex. Téergabs=5 moderately to slightly 
transversely impressed. Sterna not modified. Anterior 
margin of tergum 7 modified for opening to abdominal gland 
ducts. Tergum 10 (Figure 169) with setal patch more or less 
square; setae short, setiform or Slightly flattened. 

Aedeagus. (Figure 207) — Distinctive. Median lobe 
With apical process large, elongate; flagellum hook-like, 
more or less sclerotized. Apical sclerite of paramere 
elongate (Figure 226). 

Spermatheca. (Figure 186) — Typical of subtribe, 
Simple. 

Secondary sexual characteristics. — Males with tergum 8 
broadly sinuate;: lateral Margins of sinuations produced as 
Spines-like processes; sinuation with a small denticle on 
each side of midline. 

Discussion. — The concept of the genus Agaricochara is 
considered here in a very resticted sense in comparison to 
that of Seevers (1951) and White (1977). Inclusion of a 
number of New World species within Agar icochara Kraatz as 


done by Seevers (1951), and inclusion of the subgenus 
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Phaenogyra Mulsant et Rey of Gyrophaena as done by White 
(1977) makes Agar icochara a polyphyletic assemblage. In the 
restricted sense considered here, Agaricochara is made up of 
only two European Species, A, laevico]]is Kraatz and 
A. aspera Fauvel. Similarities in the aedeagus of these two 
Species, in addition to Other shared character States, 
Provide strong evidence that these two form a monophyletic 
group. Members of the subgenus Phaénogyra are certainly 
members of Gyrophaena rather than Agaricochara, as indicated 
by the protruded, undivided ligula of members of Phaenogyra. 
Seevers (1951) described several Species of North American 
gyrophaenines as Agaricochara. He based his concept of 
Agar icochara Principally on antennal structure and presence 
of a markedly transverse Pronotum. However, among those 
species placed in Agar icochara, Seevers included some which 
have members with an entire ligula (€.g., G. hubbardi 
Seevers) and some which have members with a divided ligula 
(€.9., G. apachaena Seevers). The North American species 
with divided ligulae appear to be more closely related to 
Sternotropa Cameron and Brachycara Sharp than to 
Agaricochara Kraatz, and they differ substantially in 
aedeagal structure from the latter. I have, therefore, 
removed these North American species from Agar icochara (see 
discusion under Agaricomorpha new genus). 

Relationships of Agaricochara are uncertain. The most 
parsimonious arrangement at present is inclusion of this 


genus in the "Sternotropa" lineage based on the hypothesis 
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that the divided ligula of these taxa is a Synapotypy. 
However, this placement requires considerable parallel 
development of apotypic conditions with members of the 
"Gyrophaena" lineage. (See discussion in SOCEIMIIS IANA? 7 . 1 
and) 4.272.8.%° for a more detailed discussion of this 
problem. ) 

Natural history. — Members of Agaricochara are most 
commonly found in association with fleshy or leathery 
polypore mushrooms on logs (Donisthorpe 1935, Scheerpeltz 
and Hofler 1948, Benickx 1952). 

Immature stages. — White (1977) described larva of 
A. laevicollis Kraatz. 


Distribution. — The two Species in this genus are known 


from Europe. 

Major literature. — No comprehenSive discussion of 
members of Agaricochara is available, but 4. Jaevicol]lis is 
well described and illustrations of structural features are 
available in Lohse (1974), Seevers (1951), Scheerpeltz ana 


Hofler (1948) ana included references. 
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3.3.3.8 Sternotropa Cameron 

(Figures 17, 48-50, 67-69, BOS Odette Pl Zhe aso ela. . 

eset. 171, TOT 206; ae2Uoe ZL een.) 

Sternotropa Cameron 1920:220. Type species: Sternotropa 
nigra Cameron 1920:220. Fixed by Blackwelder 1952:360 
by subsequent designation. 

Cameron 1920:220. Cameron USSR ES Welee 5 

Diagnostic combination. ~— Small beetles (adults 1.1 to 

1.7 mm in length); body form Slightly limuloid, sides of 

abdomen convergent to more or less pointed apex; body 

moderately to Slightly pubescent, microsetae more or less 
uniformly distributed. Pronotum markedly transverse, 1.8 to 

2.1 times as wide as long. Pronotum posterior margins 

markedly bisinuate. Mesosternum with medial longitudinal 

Carina, complete or obsolete in apical 1/3. Mesosternal 

Process extended to middle or Slightly posterior to middle 

of mid-coxae; suture between meso- and metasternal processes 

complete or more or less fused. Maxilla with setae on inner 
face of lacinia numerous or few, in single row or Scattered; 
setae on apex of galea in 4 well separated rows, setae 
flattened. Labium with ligula bifid, divided almost to 

base. Aedeagal form distinctive (Figure 208, 209). 

Description. — Length 1.1 to 1.7 mn. Body broadest 
near middle of elytra, abdomen tapered to more or less 
pointed apex; flattened to Slightly robust; sculpture 
reticulate to smooth, integuments shining to subshining; 


Sparsely to moderately to more or less densely pubescent; 
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microsetae short to moderate, fine, more or less uniformly 
distributed; punctures Pine tbo avery lf ine: asperite or not; 
macrosetae small, inconspicuous, obsolete, or large and 
conspicuous, 

Meadaie(Figure 17.)ies Transverse to markedly transverse; 
held more or less in Plane of body to Slightly inclined; 
Sculpture reticulate to smooth; microsetae short, moderately 
numerous to sparse, uniformly distributed; punctures fine to 
minute; macrosetae absent. Eyes moderate in@sizes 
Infraorbital carina Present, markedly to moderately 
developed, complete or obsolete antero-ventrally. Neck 
Carina present, more or less slight, obsolete ventrally. 
Antenna with antennomere 4 similar in setation and general 
Shape to 1-3, and Subquadrate transverse; 5 slightly 
elongate, Quadrate or transverse; 6-10 more or less 
transverse. 

Mouthparts. — Labrum (Figures 48-50) with major setae 
well developed,without accessory setae; lateral sensilla row 
with 1-3 slightly developed spine-like Sensilla, or sensilla 
row absent; sensilla of medial sensory area well developed. 
Mandibles (Figures 67-69) typical of subtribe;: not bifid at 
apex; right mandible with small internal tooth or tooth 
Obsolete. Maxilla (Figures 89-91) with apex of lacinia 
obliquely truncate, more or less broad, with well developed 
"spore brush": teeth of spore brush small, very numerous and 
densely arranged; inner face of lacinia with single 


irregular row of moderately sized setae, or setae more or 
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less scattered: 2 or 3 large hyaline setiform sensilla 
Present or absent, galea with apical setae in 4 distinct 
rows, setae subspatulate to plate-like. Labium (Figure 111, 
112) with ligula bifid, divided almost to base; and broadly 
pointed apically or sides converged to sharp point apically. 
Medial seta 1. 

Thorax. — Prothorax (Figure 127) markedly transverse, 
approximately 2.0 times as wide as long; slightly to 
moderately convex in cross-section, sides moderately 
depressed, anterior angles depressed; hypomera not visible 
in lateral view; anterior border straight or broadly 
rounded; latero-apical angles obtusely angulate or broadly 
rounded: sides broadly convergent from near baseo-lateral 
angles to apico-lateral angles; posterior border moderately 
to markedly bisinuate, not emarginate medially; Sculpture 
reticulate to smooth, integuments subshining to shining; 
Microsetae moderate to numerous, sparse to densely, 
uniformly distributed; punctures small to fine, asperite or 
not; macrosetae very small, inconspicuous or obsolete on 
disc, or one or more lateral Setae more or less large and 
conspicuous. Elytra (Figure 135) with Sutural length equal 
to or slightly less than pronotal length. Outer apical 
angles moderately to markedly sinuate; integument reticulate 
to smooth, subshining to shining; microsetae small, moderate 
tO numerous, sparse to moderately densely, uniformly 
distributed; macrosetae very small, obsolete or lateral 2 to 


3 setae large, conspicuous. Prosternum (Figure 147) 
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transverse, without faint transverse carina; with medial 
knob, protuberance or Spine. Mesosternum with medial 
longitudinal carina, complete to apex of mesosternal process 
Or more or less obsolete in apical 1/3, Mesosternal process 
moderately broad, extended between middle coxal Cavities to 
middle or Slightly posterior to middle of coxal cavities. 
Metasternal process extended anteriorly to broad contact 
with mesosternal Process; suture complete, Or, in specimens 
of most species, more or less fused and indistinct 

(Figure 153)+ isthmus absent. Metepisternum with setae few 
to moderately numerous, scattered in 1 or 2 irregular rows; 
Setose area not delimited by fine carina. Hind tarsus with 
tarsomere 1 1.0 to 1.5 times as long as 2, 

Abdomen. — Flattened to Slightly robust, sides more or 
less convergent from broad base to narrow apex; terga not 
transversely impressed (slightly developed carina present or 
not on 3-5), or 3-6 more or less Slightly impressed. 

Tergum 10 (Figure 170, 171) with medial setose patch 
Chevron-shaped; setae in 2 distinct oblique rows (third 
indistinct row Present in some); rows convergent to point 
Proximally or setae more numerous and in 3-4 well developed 
rows. 

Aedeagus. (Figure 208, 209) — Similar to that found 
among species of Pseudo] igota. Apical lobe highly modified 
and complex or not; flagellum long, Slender, whip-like; 
emerging. near base of median lobe, curved proximally and 


extended apically in a groove in functionally ventral 
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Surface. Parameres (Figures eeu 228 )iwithe2 seraesog 
apical sclerite enlarged, near base of Sclerite. 

Spermatheca. (Figure 187) — Typical of subtribe; 
unmodified, simple. 

Secondary sexual characteristics. — Various. Males 
with posterior margin of tergum 8 broadly to narrowly 
emMarginate, lateral margins of emargination more or less 
prolonged as blunt teeth or not, emargination medially with 
Or without one or more small teeth or lobes; tergum 7 with 
pair of small spines medially or not. Female unmodified or 
with posterior margin of tergum 8 with 2 short, blunt teeth 
separated by broad semicircular emargination. 


Discussion. — Sternotropa Cameron is most closely 


related to Pseudoligota Cameron, as indicated by 
Similarities in the median lobe of the aedeagus (see 
Grscussionvin-Section 4.2.2.7¢2) and-has close, but 
uncertain, affinities with Adelarthra Cameron. 

Natural history. — No information about natural history 
of Sternotropa is available. Based on structure of the 
Spore brush of the maxilla, and habitat preferences of 
related gyrophaenines (see Table 4), it is likely that 
members of Sternotropa are most common on fleshy or leathery 
polypore mushrooms. | 


Immature stages. -— Undescribed. 
Distribution. — Members of Sternotropa are known from 


India, Southeast Asia, Fiji, Sumatra and Malaya. 
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Major literature. — Cameron (1939) gives keys and 


descriptions for the Indian species. 


3.3.3.9 Pseudo] igota Cameron 

(Figures 18, 51, 52, VORESZ  LNSy 112891365 145498 M598 V2; 

poy ano 8 F210 621190229) 

Pseudoligota Cameron 1920:213. Type species: Pseudo] igota 
varians Cameron 1920:213. Fixed by Blackwelder 1952:327 
by subsequent designation. 

Cameron 1920:213. Cameron 1939:145, 

Diagnostic combination. -— Minute to very small (adults 

0.8 to 1.2 mm in length). Body slightly limuloid, widest at 

base of thorax, sides of ea gmen converging from base to 

apex. Body moderately to slightly pubescent, microsetae 

Short, uniformly distributed. Pronotum moderately to 

markedly transverse, 1.8 to 2.0 times as wide as long; 

Slightly to moderately convex in cross section; hypomera not 

visible in lateral aspect; posterior margin moderately to 

Slightly bisinuate. Eltyral apico-lateral angles slightly 

to moderately sinuate. Mesosternum without medial 

longitudinal carina. Meso= and metasternal processes fused 
and indistinguishable. Maxilla with inner face of lacinia 

with single row of setae; setae on apex of galea in 4 widely 
separated rows, setae flattened, subspatulate. Labium with 


ligula bifid, divided 2/3 to 3/4 distance to base; medial 
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seta 1. Aedeagal form distinctive VEL QUBE TZ) 0782 11 )% 

Description. — Minute to very small beetles, adult 
length 0.8 to 1.2 mm. Body Slightly limuloid; widest at 
base of thorax, broadly rounded to head anteriorly, sides of 
abdomen converging from base to apex or not; slightly robust 
to not robust. Body sculpture reticulate to smooth; 
integuments dull to Shining. Body moderately to more or 
less markedly pubescent, microsetae short, more or less 
closely spaced and uniformly distributed, punctures small to 
minute, asperite or not: macrosetae very small, 
inconspicuous, apparently absent from specimens of some 
species. 

Head. (Figure 18) — Transverse, more or less broadly 
Oval in cross-section, more or less inclined ventrally from 
plane of body. Sculpture reticulate to smooth. Microsetae 
Short, numerous, uniformly distributed; punctures fine to 
minute; macrosetae absent. Eyes moderate in size. 
Infraorbital carina slightly developed, complete ventrally 
or obsolete antero-ventrally. Neck carina Slight, obsolete 
ventrally. Antenna with antennomere 4 similar to v3 
antennomeres 4-10 transverse, each more so than the 
preceding. 

Mouthparts. — Babeum (Figure 51, 52) without accessory 
Setae; lateral sensilla row absent; sensilla of medial 
sensory area well developed. Mandibles (Figure 70) typical 
of subtribe; not bifid at apex, right with small tooth 


internally or tooth obsolete. Maxilla (Figure 92) with apex 


% 3 gt | avrs be] ot rath mad 
aon y. nt 


jk awe Wik. TIE) Gs mit. k pS 
~ eae Par ' 
us 
Vi SAD2 1a SOAR “teen i 1 ot 8. an 


2) ay a 
mae ‘a ee ee i & | ¢ibsex: re t 88 : 


a y Meme 


le :don 10 eqs aod mow gnipzevnes: 7 : 

if 63 Sislectier ewoeaieds yhee - sauder gen 

totwesh : .inite 2 HMeb-s¢aem 

Cm «5 tes Sea 1 , Tegopetog <ibedee 

4 _ 3 bppety 40? ite jis beraqu | ion 
ee a2 tusuee esuitt 


a7e2 39 4a0ee PTO sna linenegas . syourigene 


5 #hbn- , . owes | (St iageg sh wu 
“ 4 ts ete ech ei teee~apiren 7 in 
> a ) a ties cw iqinse eybodh oe 
- na thea, ? & (a 2oming? , ane ony $8 
[24m save ‘ORS shannon 
yi lgitaeyv = jm ,cayploy > vl t dee Gees ie, 
ersivedc.: , Ife: ls -gn » 2908 a oo eo redte! '; a 
=f O12 TeL¢mie 4 sieecntsine <i 
®, ws Ga ston does, stavaneTd tz ae 
ae 

aw TWGetenrd cvomsin {S?% ,té erepit) wand 
a Seeanen te eflienag: ¢: PELE MONE | wiEN 
Br teste (OF e7deet) 2efc: lesioned «bigek 


Ajose Sleme ai sain xe = 


, nies 


er: 
3 oe 


eer wt (SPOR) oka al 
Lalu yS , - 


204 


of lacinia obliquely truncate with well developed "spore 
brush"; teeth of spore brush small, numerous, densely 
arranged: inner face of lacinia with single row of 
moderately sized setae and 2 or 3 large, hyaline setiform 
sensillae; galea with apical setae in 4 well separated rows, 
Setae subspatulate to plate-like. Labium (Figure 113) with 
ligula bifid, divided 2/3 to 3/4 distance to base; lobes of 
ligula short, sides converging to point apically. Medial 
seta 1 or absent. 

Thorax. (Figure 128) — Pronotum markedly transverse, 
1.8 to 2.0 times as wide as long; slightly to moderately 
convex in cross-section; sides moderately depressed; 
hypomera not visible in lateral aspect; anterior border 
Straight, apical angles more or less obtusely angulate; 
posterior border moderately to slightly bisinuate, not 
emarginate medially; sculpture reticulate or smooth, 
integuments dull to shining; microsetae short, numerous, 
more or less densely and uniformly distributed; punctures 
fine to minute, asperite or not; macrosetae very small, 
inconspicuous, or absent. Elytra (Figure 136) equal to or 
Shorter than pronotal length; apico-lateral angles 
moderately to slightly sinuate; integument reticulate to 
smooth, dull to shining; microsetae small, numerous, densely 
and uniformly distributed; punctures very fine, asperite or 
not; macrosetae very small, inconspicuous or absent. 
Prosternum transverse to markedly transverse; without 


transverse carina; with or without low medial knob or 
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protuberance. Mesosternum without medial longitudinal 
Carina. Mesosternal process moderately broad, extended 
between middle coxal cavities and fused to metasternal 
process, processes indistinguishable (Figure 159) Middle 
coxal cavities moderately separated. Metepisternum with 
setae moderately numerous, in 2 irregular rows; setose area 
not delimited by fine carina. Hind tarsus with tarsomere 1 
about as long as 2; ventro-lateral edge with ctenidium of 4 
to 6 setae. 

Abdomen. — Flattened to slightly robust, sides slightly 
to moderately convergent from base to apex. Terga not 
transversely impressed with indistinct transverse carinae on 
3-5. Tergum 10 (Figure 172, 173) with medial setose patch 
Square (Figure 173) or with posterior edge broadly incised 
(Figure 172); setae short, Stubby, not flattened. 

Aedeagus. (Figure 210, 211) — Distinctive. Median 
lobe with flagellum emergent near base of bulb, curved 
proximally around base of median lobe, and extended apically 
in groove in functionally ventral surface. Parameres 
(Figure 229) with 2 proximal setae of apical sclerite 
enlarged, near base of sclerite. 

Spermatheca. (Figure 188) — Typical of subtribe; 
unmodified, simple. | 

Secondary sexual characteristics. — Males with 
posterior margin of tergum 8 with broad blunt tooth; 
tergum 7 with faint median longitudinal carina or not; 


elytra strongly asperite distally near suture and/or near 
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lateral margin or not. Female unmodified or with posterior 
margin of tergum 8 with broad lobe. 

Discussion. — Many members of Pseudol igota are among 
the smallest aleocharines and thus among the smallest 
beetles. 

Pseudoligota is most closely related to Sternotropa and 
Adelarthra (see discussion under Sternotropa and in Section 
Bile Zio? 20) % 

Natural history. — Cameron (1939) reports that members 
of some species of Pseudo] igota have been found on 
"Polyporus". A few specimens have been collected on rotting 
fruit, in rotting fungus, and under bark (label data). 

Immature stages. — Undescribed. 

Distribution. — Known from India and Southeast Asia. 

Major literature. — Cameron (1939) provides a key to 


and descriptions of the Indian species. 
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3.3.3.10 Neobrachida Cameron 

(Figure 115) 

Neobrachida Cameron 1920:51. Type species: Neobrachida 
castanea Cameron 1920:51. Fixed by Cameron 1920:51 by 
monotypy. 

Cameron 1920:51. Cameron 1939:55, 

Diagnostic combination. — Length of adult 2.3 mm. Body 
more or less parallel-sided; sculpture smooth, integuments 
markedly shining; body sparsely pubescent, microsetae small, 
number and distribution different on different areas of 
body. Pronotum moderately transverse, 1.7 times as wide as 
long, slightly convex in cross-section; sides moderately 
convex, hypomera not visible in lateral aspect; pronotal 
posterior margin slightly bisinuate. Elytral apico-lateral 
angles moderately bisinuate. Mesosternum with diffuse, low, 
medial longitudinal carina. Mesosternal process extended to 
posterior 1/3 of mid-coxal cavities. Metasternal process 
extended between coxae, truncate at contact with mesosternal 
Process; suture between meso- and metasternal processes 
complete, unmodified. Labium with ligula elongate, as long 
as first palpomere, parallel-sided, bifid in apical 1/3; 
lobes of ligula narrow, pointed, divergent. Medial seta 1. 

Description. — Hendon of adult 2.3 mm. Body more or 
less parallel-sided, sides convergent slightly posteriorly; 
more or less flattened, not robust; sculpture smooth, 
integuments markedly shining; sparsely pubescent; microsetae 


Small, fine, number various on different body regions; 
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punctures very fine; macrosetae various on different body 
regions, small, inconspicuous, or large and conspicuous. 

Head. — Transverse; microsetae Small, very sparse; 
punctures very fine; macrosetae absent. Infraorbital carina 
moderately developed, complete ventraldy -OaNeck#carina well 
developed. Antenna with antennomere 4 similar in setation 
and general shape to 1-3; antennomere 4 transverse; 5-10 
transverse, each slightly wider than preceding, antenna 
slightly incrassate from antennomere 4 to apex. 

Mouthparts. — Labrum not observed. Mandibles not 
observed. Maxilla with apex of lacinia truncate, with well 
developed "Spore brush"; teeth numerous and closely spaced; 
galea not observed. Labium (Figure 115) with ligula 
Slender, elongate, almost as long as palpomere 1, parallel- 
Sided, bifid in apical 1/3, lobes narrow, pointed, 
divergent. Medial seta 1. 

Thorax. — Prothorax moderately transverse, 1.7 times 
wider than long; slightly convex in cross-section, sides 
moderately depressed; hypomera not visible in lateral view; 
anterior border broadly rounded; latero-apical angle broadly 
rounded; posterior border slightly bisinuate;: microsetae 
small, sparse, uniformly distributed; punctures very fine; 
macrosetae small, inconsprcnede except L3 large and 
conspicuous. Elytra at suture longer than pronotal length. 
apico lateral angles moderately sinuate; microsetae Sparse, 
uniformly distributed, punctures fine; three lateral 


Macrosetae large, conspicuous. Prosternum moderately 
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transverse, without transverse carina; with medial 
protuberance. Mesosternum without medial longitudinal 
Carina, but low diffuse ridge along midline; ridge extended 
to apex of mesosternal process. Mesosternal process 
extended to posterior third of mid-coxal cavities. 
Metasternal process truncate at contact with mesosternal 
process; the suture complete, unmodified. Isthmus absent. 
Metepisternum with setae numerous, scattered in 2 irregular 
rowS; setose area not delimited below by carina. Hind 
tarsus with first tarsomere 1.4 times as long as second. 

Abdomen. — Sides subparallel, very slightly convergent 
from base to obtusely rounded apex. Terga 3-5 (6 faintly) 
with moderate to slight transverse impressions. Tergum 10 
with medial setose patch chevron-shaped; setae in 2 distinct 
oblique rows convergent to point proximally (similar to 
Figure 170). 

Aedeagus. — Unknown. 

Spermatheca. — Unknown. 

Secondary sexual characteristics. — Male unknown. 
Female with posterior margin of tergum 8 broadly emarginate 
medially. 

Discussion. — Only a single specimen, a female, of 
Neobrachida is known. It, therefore, was not possible to do 
dissections required for detailed examination of many 
Structural features. The spermatheca is visible through the 
Sides of the abdomen, but it is not possible to determine 


detailed structure. 
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Relationships of Neobrachida are uncertain. The 
divided ligula seems to place it in the "Sternotropa" 
lineage and structure of the setal patch on tergum 10 
Suggests it may be related to Sternotropa. However, more 
precise relationships cannot be resolved at present (see 


Section ie 2.47). 4s). 


Natural history. — Unknown. 
Immature stages. -— Undescribed. 


Distribution. — Only known specimen from Ceylon. 
Major literature. — Neobrachida is only known from 


descriptions by Cameron (1920, 1939). 


3.3.3.11 Adelarthra Cameron 

Paeourese 5 39.93 011.1490 212,4280)' 23:1) 

Adelarthra Cameron 1920:222. Type species: Adelarthra 
Dbarbari Cameron 1920:222. Fixed by Cameron 1920:222 by 
monotypy. 

Cameron 1920:222. 

Diagnostic combination. — Small beetles (adults 1.1 to 

1.2 mm in length); body form slightly limuloid, broadest 

near middle of Se Sides convergent posteriorly to apex 

of pointed abdomen; moderately robust; sculpture smooth 
throughout, integuments shining; microsetae small, 

Scattered, body subglabrous; macrosetae on lateral margins 


of pronotum, elytra, and abdomen extremely large, dark, 
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bristle-like. Pronotum markedly transverse, 1.9 times as 
wide as long; convex, sides moderately depressed, 
Becero-tatucsl angles markedly depressed; hypomera not 
visible in lateral aspect; posterior margins moderately 
bisinuate. Elytral apico-lateral angles sinuate. 
Mesosternum with slight medial longitudinal carina. Meso- 
and metasternal processes broad between coxae; suture 
between processes fused, indistinguishable. Labium with 
ligula bifid to base, lobes robust, parallel-sided, rounded 
apically. 

Description. — Adult length 1.1 to 1.2 mm. Body 
sublimuloid, broadest near middle of elytra, broadly rounded 
anteriorly to head, sides convergent posteriorly to apex of 
pointed abdomen; moderately robust; sculpture smooth 
throughout, integuments shining; microsetae small, widely 
Scattered, much of body glabrous, punctures very fine; 
macrosetae various on different regions of body: small and 
inconspicuous, or very long, dark and conspicuous. 

Head. — Markedly transverse; microsetae very few, 
small, widely Scattered, punctures minute; macrosetae 
absent. Eyes moderate in size. Infraorbital carina 
moderately developed, complete ventrally. Neck carina 
present, more or Veeeect cite obsolete ventrally. Antenna 
with antennomere 4 similar in setation and general shape to 
1-3; antennomeres 4-10 slightly transverse, similar in 


width. 
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Mouthparts. — Labrum (Figure 53) with major setae well 
developed, without accessory setae; lateral sensilla row 
with 3-5 small spine-like sensilla, distant from lateral 
margin; sensilla of medial sensory area well developed. 
Mandibles not bifid at apex; right mandible with small 
internal tooth; prostheca typical of subtribe. Maxilla 
(Figure 93) with apex of lacinia truncate, with well 
developed "spore brush"; teeth numerous, small and closely 
Spaced; inner face of lacinia with Single row of setae, 
galea with apical setae in 4 distinct rows, setae flattened. 
Labium (Figure 114) with ligula bifid to base; lobes robust, 
parallel-sided, rounded apically; medial seta 1. 

Thorax. — Pronotum (Figure 231) markedly transverse, 
1.9 times as wide as long; moderately convex in 
cross-section; broadest at base, broadly rounded and 
convergent to anterior angles; sides moderately depressed; 
antero-lateral angles markedly depressed; hypomera not 
visible in lateral view; anterior margin and antero-lateral 
angles broadly rounded; posterior margin bisinuate, not 
emarginate medially; microsetae absent: macrosetae very 
small, inconspicuous or obsolete, except L3 prominent. 
Elytra (Figure 231) transverse, broader at base than 
Pronotum, sutural length equal to pronotal length; elytra 
Shorter at suture than laterally; apico-lateral angles 
moderately sinuate; microsetae very small, very Sparsely and 
uniformly distributed; macrosetae on lateral margins 


extremely large, dark and prominant. Prosternum markedly 
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transverse, with transverse carina, carina more prominent, 
ridge-like medially; medially with marked transverse tooth. 
Mesosternum with narrow but distinct medial longitudinal 
carina. Meso- and metasternal processes extended broadly 
between middle coxal cavities; suture fused, processes 
indistinguishable. Middle coxal cavities widely separated. 
Metepisternum bare. Tarsomere 1 of hind tarsus as long as 
next 2 together. 

Abdomen. (Figure 231) — Robust, sides convergent from 
base to slightly pointed apex. Terga 3-6 moderately to 
Slightly transversely impressed. Microsetae few; macrosetae 
very large, dark, bristle-like. Microsculpture of fine 
ridges divergent proximally from each setal insertion. 
Tergum 10 with medial setose patch more or less square, 
setae few, unmodified. Sterna unmodified. 

Aedeéagus. (Figure 212, 230) — Similar to that found 
among specimens of Sternotropa and Pseudo! igota. 

Spermatheca. — Unknown. 

Secondary sexual characteristics. — Absent. 

Discussion. — Because of the large dark bristles on the 
body and the robust sublimuloid body form of members of 
Adelarthra, this is one of the most distinctive taxa among 
gyrophaenines. : 

Relationships of Adelarthra are uncertain. 
Similarities in the aedeagus to members of Sternotropa and 
Pseudoligota indicate that it shares affinities with these 


taxa (see Section 4.2.2.7.3 for detailed discussion). 
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Natural history. — Not known. Specimens have been 
collected from rotten wood and "debris" (label data). 

Immature stages. — Not described. 

Distribution. — The two known specimens are from 
Singapore. 

Major literature. — Discussed only in original 


description. 


3.3.3.12 Brachycara Sharp 

(Figures 19, 54, 71, 94, MOMMA pom TAs IOS eto. toa 2 oe 37 

243, 249, 250) 

Brachycara Sharp 1883:267. Type species: Brachychara crassa 
Sharp 1883:267. Fixed by Fenyes 1918:21 by subsequent 
designation. 

Sharp 1883:267. Fenyes 1918:94. Cameron 1922:637. 

Diagnostic combination. — Adults 1.8 to 3.0 mm in 
length. Body form sublimuloid, markedly robust; body 
moderately to slightly pubescent; microsetae short, stiff, 
uniformly distributed; integuments shining. Pronotum 
moderately transverse, 1.5 to 1.8 times as wide as long; 
very markedly darian nite margins markedly deflexed; 
antero-lateral margins deflexed to vertical; hypomera not 
visible in lateral aspect; posterior margins bisinuate. 

Elyral apico-lateral angles markedly sinuate. Mesosternum 


with slight broad medial longitudinal ridge. Mesosternal 
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process extended to middle or slightly posterior to middle 
of mid-coxal cavities; suture between meso- and metasternal 
processes fused. Maxilla with setae on inner face of 
lacinia scattered; setae on apex of galea in 4 widely 
separated rows, setae flattened, subspatulate. Labium with 
ligula bifid to base; lobes broadly separate at base, 
pointed apically 

Description. — Adult length 1.8 to 3.0 mm. Body shape 
sublimuloid, very robust, broadly oval in cross section. 
Body markedly shining, moderately to slightly pubescent, 
pubescence stiff, scattered. 

Head. (Figure 54) — Transverse, oval, deflexed to more 
or less vertical plane; base hidden in dorsal aspect by 
anterior margin of pronotum. Shining, without sculpture; 
moderately pubescent, microsetae short, emae widely 
Scattered; punctures small; macrosetae absent. Eyes 
moderate in size. Infraorbital carina well developed, 
complete. Neck carina well developed. Antenna various; 
antennomere 4 similar in setation and general shape to 1-3. 

Mouthparts. — Labrum (Figure 54) with major setae well 
developed; with a few scattered accessory setae; lateral 
sensilla row of 4-5 spine-like sensilla, near lateral 
Margin; slightly sclerotized along midline. Mandibles 
(Figure 71) not bifid at apex; right mandible with small 
internal tooth. Prostheca typical of subtribe. Maxilla 
(Figure 94) with apex of lacinia truncate, very broad, with 


extensive area of very numerous, small, closely spaced 
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teeth; inner face of lacinia with setae small, numerous, 
scattered; galea with apical setae in 3 distinct and 1 
indistinct (most proximal) rows, rows long, crowded near 
apex, setae spatulate to plate-like. Labium (Figure 116) 
with ligula bifid to base; the two lobes widely separated at 
base, acutely pointed apically. Medial seta 1. 

Thorax. — Prothorax (Figure 129) markedly transverse, 
1.5 to 1.8 times as wide as long; very markedly convex in 
cross-section, sides markedly depressed, antero-lateral 
margins depressed to vertical; hypomera not visible in 
lateral view; anterior margin broadly rounded; hind margins 
moderately to markedly bisinuate, not emarginate medially; 
Sculpture absent, integuments shining; microsetae short, 
depressed, widely scattered, more or less uniformly 
distributed; punctures small; macrosetae very small, 
inconspicuous. Elytra short, each elytron shorter than 
wide, longer laterally than at suture; apico-lateral angles 
markedly sinuate; surface markedly shining; reticulate 
ground sculpture absent but specimens of some species with 
punctures united by very fine raised lines; uniformly 
covered with short appressed microsetae; macrosetae small. 
Prosternum very short in front of coxae; transverse; with 
distinct transverse mediae knob or protuberance. 
Mesosternum short, markedly upturned on anterior edge; 
longitudinal carina absent; medially with slight, broad, 
longitudinal ridge extended almost to apex of mesosternal 


Process. Mesosternal process extended to just posterior to 


ai) 
.) 
i¢ 
te 
& 
*) 
~~ 


3 = ‘ 
sOwh ts > ,ewod Ulemiaage Seema): $y event 


on: 
safe 93, s¢aloitsga bal 2 “a 


> of “J oF Dihié slug 


7 


76 Sead oy ytecnit as 
AaDO0IOIWT SOLS 
‘of @6 shiv en wemig saniie.3 


ahs 


‘ , | (tcl sebte *, rebriees 
| “se o9 beses1ya8 
19f 393s ‘veto 

etd <i bialvien S02 ebeaae 
_is:westel. jsneeds Sam 
i@ep. =n sian Settee yisoty baa 
| ee gees rte ro 

ae 

ay 2 pon Te] ace wigs dh < 

wis | i: i lazerat che 
; ¢ Jititas os Vee 1 

2 20d Sei, enughus 

* BOs Cents it? vise bafias 
2.GMG seOleroiwmsew 3:34 2530 0 Bex Ro TS 


s8 {Ssatevecazs +osno 20 IAC 13 ng bagi: 


i TERS 2OT ISNA. 26 Concurso ’ fo 
‘SOG ,solia dsiw ¢flatbew: | 


lawiaseersad 16 tage 22 tdomia 


67 ipiseine9: teNt of: Bebos doce 


217 


middle of midcoxal cavities. Metasternal process broadly 
rounded; suture between meso- and metasternal processes 
fused, slightly raised as low bead along fusion line. Coxae 
widely separated (Figure 250). Metepisternum (Figure 249) 
with setae numerous, 2 or 3 very irregular rows; setose area 
not delimited by a carina. Tarsomere 1 of hind tarsus as 
long aS next two together. 

Abdomen. — Robust, broadly oval in cross section; sides 
convergent from broad base to narrow apex. TOEGae sa 550K 35-6 
very slightly transversely impressed. Sterna unmodified. 
Tergum 7 with anterior margin modified as opening of 
abdominal gland ducts. Tergum 10 (Figure 174) with medial 
setose patch chevron-shaped, setae in 3 distinct rows: setae 
flattened, subspatulate. 

Aedeagus. (Figure 213) — Apical lobe of median lobe 
elongate, spine-like; flagellum long, Slender, whip-like, 
coiled apically. 

Spermatheca. (Figure 189) — Typical of subtribe; 
Simple. 

Secondary sexual characteristics. — Tergum 8 of both 
male and female modified. Female with tergum 8 broadly 
incised medially, each lateral edge of incision extended 
posteriorly as a Sumoht Spine; emargination medially with or 
without a broad slight lobes; Male with tergum 8 deeply 
emarginate, each lateral edge prolonged as large inwardly 
curved spine; emargination with large, more or less pointed 


lobe medially. 
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Discussion. — The very robust, convex, sublimuloid body 
form, shining integuments, and very extensive "spore brush" 
of numerous, short, densely arranged teeth make this one of 
the most distinctive gyrophaenine genera. 

Sharp (1883) stated that Brachycara was "best located 
near Brachida", but he did not believe that these two taxa 
were closely related. It appears that Brachycara is most 
closely related to Agaricomorpha new genus, and together 
they form a monophyletic lineage (see Section 4.2.2.7.5). 

Natural history. — Members of Brachycara are most 
common on fleshy or leatherly polypores on logs. Both 
larvae and adults have been found on mushrooms of this type 
(personal observations, and label data). 

Immature stages. — Not described. 

Distribution. — Species of Brachycara are known from 
Central America and St. Vincent in the West Indies. There 
are a number of undescribed species in Mexico and Central 
America. 

Major literature. — Known only from original 
descriptions. Comprehensive keys and illustrations of 


Structural features have not been previously published. 
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3.3.3.13 Agaricomorpha new genus 

pecrreseedme2s 7p 55)572,°95, 417, (130, 1405 148 155,160, 

ioe vo en a, 215, 236° 24279248) 

Agaricomorpha new genus. Type species: Agar icomorpha 
apachaena (Seevers) 1951:743 (from (Gyrophaena 
(Agaricochara)). Fixed here by original designation. 
Diagnostic combination. — Small beetles (adults 1.0 to 

1.6 mm in length). Body more or less flattened to Slightly 

convex; broadest near middle of elytra, sides of abdomen 

convergent from base to more or less obtusely pointed apex. 

Head transverse (1.2 to 1.4 times as wide as long); slightly 

to moderately deflexed, oblique. Pronotum markedly 

transverse, 1.8 to 2.1 times as wide as long; slightly 
convex in cross section; lateral margins deflexed, hypomera 
not visible in lateral aspect; posterior margins moderately 
to markedly bisinuate, not emarginate medially. Mesosternum 
with complete, incomplete or without medial longitudinal 

Carina. Mesosternal process extended to slightly posterior 

to middle, or to posterior 2/3 of mid-coxae; meso- and 

metasternal processes meeting along broad, truncate suture, 

Or suture fused, processes indistinguishable. Maxilla with 

Setae on inner face of lacinia in single row or scattered: 

setae on apex of Bailes in 4 distinct rows, setae flattened, 

Subspatulate. Labium with ligula protruded, parallel-sided, 

bifid 2/3 to 3/4 distance to base; medial seta 1. Aedeagal 

form distinctive (Figure 214, 215), median lobe with apical 


Process lateral to origin of flagellum. 
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Description. — Length of adults 1.0 to 1.6 mm. Body 
more or less flattened to slightly convex; broadest near 
middle of elytra, abdomen converging to more or less 
obtusely pointed apex; sculpture reticulate throughout, 
integuments subshining to dull; microsetae short, more or 
less densely arranged throughout; punctures small, asperite 
in many; macrosetae small, difficult to distinguish from 
microsetae. 

Head. — (Figure 20) Transverse (1.2 to 1.4 times wider 
than long); slightly to moderately deflexed to oblique 
plane; tempora short, rounded to acutely convergent to base 
of head; microsetae numerous, short, more or less densely 
and uniformly distributed; macrosetae absent. Eyes moderate 
in size. Infraorbital carina well developed, or slightly 
developed antero-ventrally. Neck carina slightly developed. 
Antenna (Figure 28) longer than head and thorax together; 
antennomere 4 similar in setation and general shape to 1-3, 
Subquadrate to slightly elongate; 5-7 longer than wide, 8-10 
Ssubquadrate, quadrate, or slightly transverse. 

Mouthparts. — Labrum (Figure 55) with major setae well 
developed,without accessory setae; lateral sensilla row with 
2-5 moderately developed spine-like sensilla, distant form 
Or near lateral margin; sensilla of medial sensory area well 
developed. Mandibles (Figure 72) not bifid at apex; right 
with small internal tooth; prostheca typical of subtribe. 
Maxilla (Figure 95) with apex of lacinia obliquely truncate, 


with well developed "spore brush"; teeth of spore brush 
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small, close, densely arranged; setae on inner face of 
lacinia more or less numerous to few, scattered or in single 
well developed row; galea with apical setae in 4 distinct, 
clearly separated rows, setae flattened, subspatulate. 
Labium (Figure 117) with ligula protruded, parallel-sided, 
buhidv2/3 toi374 distance to base; medial seta 1. 

Thorax. — Prothorax (Figure 130) transverse to markedly 
transverse (1.8 to 2.1 times as wide as long); slightly 
convex in cross-section; lateral margins moderatley 
deflexed, hypomera not visible in lateral aspect; posterior 
margin moderately to markedly bisinuate, not emarginate 
medially; microsetae small, numerous, densely and uniformly 
distributed; macrosetae very small, inconspicuous. Elytral 
apico-lateral angles moderately to markedly sinuate. 
Prosternum (Figure 148) transverse, with medial knob, carina 
Or protuberance. Mesosternum with medial longitudinal 
Carina, complete, obsolete or absent in posterior 1/2, or 
absent. Mesosternal process extended to slightly posterior 
of middle of, to posterior 2/3 of middle coxal cavities. 
meso-metasternal the suture broad, truncate, or fused, 
processes indistinguishable (Figure 155). Metepisternum 
(Figures 160, 248) with setae in 1 or 2 irregular rows, 
setose area margined eo ieececen teeta by slight carina or 
not. Tarsomere i of hind tarsus 1.0 to 1.3 times as long as 
2; with slight ventro-lateral ctenidium of 5 to 7 setae. 

Abdomen. — Sides convergent from base to apex. More or 


less pubescent, microsetae short. Terga 3-5 moderately to 
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Slightly transverse. Sterna not modified. Tergum 7 with 
anterior margin modified for opening to abdominal gland 
ducts. Tergum 10 (Figure 175) with medial setose patch 
chevron-shaped; setae numerous, short, slightly flattened. 

Aedeagus. (Figure 214, 215) — Distinctive. Median 
lobe with apical process simple, more or less blade-like, 
lateral to origin of flagellum. Parameres various, not 
extremely modified. 

Spermatheca. (Figure 190) — Typical of subtribe; 
Simple. 

Secondary sexual characteristics. — Various. Most 
males with posterior margin of tergum 8 with broad 
semicircular emargination medially, lateral margins of 
emargination with small spine-like processes or not. Female 
with posterior margin of tergum 8 broadly, shallowly 
emarginate or not, or with margin broadly bisinuate. 

Discussion. — The taxon Agaricomorpha is established 
here to contain the New World species of Gyrophaena 
(Agaricochara) (sensu Seevers 1951) with divided ligula. 
Seevers (1951) based his concept of Agaricochara (as a 
Subgenus of Gyrophaena) primarily on antennal structure, 
very transverse pronotum and intercoxal processes which are 
Similar in length. He did not recognize that among those 
Species he included in Gyrophaena (Agaricochara) were some 
which have members with entire ligulae, and some with bifid 
ligulae. Those with an entire ligula should be tentatively 


included in Gyrophaena until that genus has been more 
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thoroughly studied. Among those with bifid ligula, I have 
argued elsewhere (see discussion under Agaricochara Kraatz) 
that the European Agaricochara form a monophyletic group. 
Members of the New World species with bifid ligula differ 
from the European Agaricochara in form of the median lobe of 
the aedeagus, and in having a more deeply bifid ligula, 
chevron-shaped setal patch on tergum 10, more closely joined 
or fused intercoxal processes, more deeply bisinuate 
posterior margins of pronotum and more markedly sinuate 
apico-lateral angles of elytra, and more transverse 
pronotum. The New World forms seem more closely related to 
Sternotropa and Brachycara than to Agaricochara. It 
therefore seems necessary that these forms be placed in a 
genus separate from the Old World Agaricochara. 

Agaricomorpha appears to be most closely related to 
Brachycara (see Section 4.2.2.7.5). 

Type species. — Gyrophaena (Agaricochara) apachaena 
Seevers 1951:743 is here designated as the type species of 
Agaricomorpha new genus. G. apachaena is chosen because it 
appears to be the first described species of this taxon. 
Considering the abundance and diversity of members of 
Agaricomorpha in Mexico and Central America, it is suprising 
that species assignable to this genus were not described by 
Sharp, Bernhauer or Cameron in their studies of staphylinids 
from these regions. However, I have had occasion to examine 
most of the species described by these workers and have not 


found any assignable to Agaricomorpha. The type specimen of 
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A. apachaena is a male in the collection of the California 
Academy of Sciences. 

Included species. — The following species are 
transferred from Gyrophaena (Agaricochara) (sensu Seevers 
1951) to Agaricomorpha new genus: 

Agaricomorpha apachaena (Seevers 1951:743) new comb. 
Agaricomorpha ojibway (Seevers 1951:743) new comb. 

In addition, I have seen specimens of a number of 
undescribed species from Mexico and Central America. 

Natural history. — Adults and larvae of Agaricomorpha 
have been found on woody and leatherly polypore mushrooms on 
logs, and appear to be characteristic inhabitants of these 
mushrooms (personal observations). 

Immature stages. — Undescribed. 

Distribution. — The two described species of 
Agaricomorpha are found only in America north of Mexico, one 
in the southwest and the other in the northeast and north 
central regions. However, I have seen a number of 
undescribed species from Mexico and Central America. It 
seems likely that members of Agaricomorpha also occur in 
South America. 

Major literature. — Only known from original 


descriptions by Seevers (1951). 
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4, Evolutionary Analysis of the World Genera of the 


Subtribe Gyrophaenina 


4.1 Character Analysis 


4.1.1 Introduction — Methods and Principles of Character 
Analysis 

The basic process in determination of relationships 
between taxa is analysis of characters. 

Characters or attributes are descriptive terms by which 
means taxa are identified and described. These characters 
also provide information about geneological relationships. 
Hecht and Edwards (1977, p.5) define a character as "a set 
of limited homologous features that are distributed among 
two or more taxa." Different expressions of the character 
among taxa under consideration are called "character 
States". The suite of character states, assumed to be 
homologous, is called a "morphocline" or "morphological 
transformation series". In every morphological 
transformation series, there is a single ancestral 
condition, but there can be one or more derived states. 
Direction of change in a transformation series is called 
"polarity". Polarity of a transformation series is in a 
uni- or multidirectional series (Hecht and Edwards 1977). 

Effective character analysis resolves into three 


distinct phases: 1) recognition and description of 
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homologous character states; 2) development of hypotheses 
about relative usefulness of states of different characters 
for phylogenetic analysis (character weighting); and 

3) development of hypotheses about the polarity of 
transformation series. 

To effectively make hypotheses about relationships of 
taxa it is necessary to be able to compare structures which 
are derived from a common ancestral condition; that is 
homologous character states. When features appear similar 
in structure and/or development but are not derived from the 
Same common ancestor, the condition is termed homoplasy. 

Two types of homoplasy occur: that due to parallelism and 
that due to convergence. Of these, for phylogenetic 
analysis, parallelism is the most important, since it 
involved development of similar but non-homologous character 
states in relatively closely related lineages. Hecht and 
Edwards (1977) correctly state that failure to recognize 
parallelism is probably the most common cause of 
misinterpretation of phylogenetic relationships. 

Recognition of parallelisms is discerned not only by subtle 
differences in development and/or structure that indicate 
non-homology, but also by degree of congruence of 

character states in a reconstructed phylogeny under the 
principle of parsimony. (While there is no reason to 
believe that evolution produces parsimonious character state 
distributions, rejection of parsimony as a working principle 


Should be done only in response to strong evidence to the 
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contrary.) Distribution of character states in a cladogram 
iS very sensitive to hypotheses about relative weight of 
characters and polarity of transformation series. Character 
weighting is necessary because some characters have more 
reliable information about phylogenetic relationships than 
others. That is, some characters are less likely to be 
derived in parallel and/or parallelisms are more easily 
recognized in these characters than in others. Hecht and 
Edwards (1977) review suggestions for weighting characters 
by Wilson (1965), Inger (1967), Kluge and Farris (1969) and 
Hecht and Edwards (1976). In general, these authors agree 
that characters of low weight are those which involve loss 
Or reduction of structures, those resulting from common 
growth processes, and those which show great variability in 
other groups. I would add to these, those characters for 
which polarity of the transformation series is not clearly 
analysed. Those which should be given high weight have 
unusual developmental patterns, are parts of integrated 
complexes, or are innovative and unique for the 
transformation series. These criteria are generally 
accepted in this treatment, but evaluation of each character 
must be done independently. 

Development of hypotheses about polarity of 
transformation series is fundamental to character analysis. 
Subsequently, the literature about methods for determination 
of polarity is extensive. De Jong (1980) has critically 


reviewed the main methods for recognition of polarity and 
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major recent discussions are found in Hecht and Edwards 
(1978) and Watrous and Wheeler (1981). 

Generally, determination of polarity of a 
transformation series requires comparison of the states of 
the character system both among the taxa being compared 
(in-group comparisons) and among closely and more distantly 
related taxa (out-group comparison). In the simplest 
instance, if two states of a character occur within a taxon, 
and only one is found in out-group comparison, then the more 
restricted state is considered the apotypic condition 
(Watrous and Wheeler 1981). The polarized character can 
then be compared with others for congruence. In practice, 
more complex distributions of character states may make this 
much more difficult than this example would indicate (see 
de Jong 1980, Watrous and Wheeler 1981, and arerences 
included therein). 

In this revision, members of the subtribe Gyrophaenina 
provide in-group comparisons, while members of the subtribe 
Bolitocharina provide out-group comparisons from a closely 
related group, and the aleocharines as a whole provide more 
distantly removed comparisons. In general, it is argued 
here that a character state found in the bolitocharines and 
some, but not all, gyrophaenines is plesiotypic. 

In order to facilitate critical evaluation of the 
character states and hypotheses about polarity of 
transformation series presented here, I use the same format 


for discussion of each character. This includes: 
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1) recognized states of the character; 2) the transformation 
series recognized among these traits; 3) hypotheses and 
justification for hypotheses about plesiotypic and apotypic 
States; 4) specific problems associated with interpretation 
of individual characters plus alternative hypotheses; and 

5) probable usefulness of the character in phylogenetic 
analysis. Character states discussed in this study are 
summarized in Table 1, and known distribution of these 


states among gyrophaenine genera is summarized in Table 2. 


4.1.2 Character Systems: Analysis 

Character 1 — Body setae: microsetae 

States of this character among the gyrophaenines form a more 
or less continuous series, which is conveniently, though 
arbitrarily divided into 4 states: 1) setae numerous, more 
Or less short, densely and uniformly distributed over the 
body (A); 2) setae numerous, more or less long and silky, 
densely and uniformly distributed (B); 3) setae short, 
number reduced, body subglabrous (C,); and 4) setae short, 
number markedly reduced, body more or less glabrous (C,). 

Of these, State A is considered to be plesiotypic, on the 
basis of out-group comparison. It characterizes specimens 
of most Por ccnerines and many other groups of 
aleocharines. Two transformation series of this character 
are recognized: one in which short, numerous setae become 
long, silky setae (A+B); and one in which number and density 


Of setae are reduced (A-C,-C,). 
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Alternative hypotheses about polarity of this character 
are hard to justify. State C, characterizes specimens of 
many species of Gyrophaena which also have a relatively 
large number of plesiotypic states of other characters. 

This state may be hypothesized to be the plesiotypic 
condition. However, scarcity of this state among 
bolitocharines argues against this. Also, this polarity 
would require evolution of an increased number of setae. 
While possible, this hypothesis seems less parsimonious than 
one in which reduction was more common. 

Alternatively, State B could be considered plesiotypic. 
This hypothesis is given some justification by origin near 
the base of the cladogram of both genera whose members have 
this state. Absence of this state among bolitocharines, and 
rarity of this condition among other aleocharines seems oR 
argue against this. 

Because the states of this character are arbitrary 
divisions of a continuum, it is difficult to place the 
condition of some specimens into one or another. Also, 
because one transformation series (A+C,2C,) is regressive, 
it has almost certainly occurred many times independently. 
Therefore, this character is unreliable for phylogenetic 


inference, 
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Character 2 — Body setae: macrosetae 

As for Character 1, the 3 states are more or less 
arbitrary divisions of a continuum: 1) macrosetae small, 
difficult to distinguish from microsetae (A); 2) macrosetae 
larger, easily distinguished from microsetae (B,), and 
3) macrosetae extremely large, very conspicuous (B,). Of 
these, State A is considered to be plesiotypic. 

Justification for this polarization is weak. State A 
is the most common condition among bolitocharines and is 
also commonly found among a large number of other 
aleocharines. If this polarity is correct, a single 
transformation series of increasing size and prominence of 
macrosetae is produced (A+B,-B,). This is probably too 
Simple and additional study would reveal a more complex set 
of possible character states. 

Because ‘the states are arbitrary: parts of a continuum, 
it is often difficult to interpret. Also, some specimens 
show 2 or more states of macrosetae, depending on the setae 
considered. In addition, apotypic states have almost 
certainly been derived a number of times independently 
within the gyrophaenines. Therefore, this character is not 


very useful for phylogenetic analysis. 


Character 3 — Sculpture 
Three states of this character are recognized: 1) body 
uniformly reticulate (A); 2) body sculpture obsolete or 


smooth on one or more sclerites (B,); and 3) sculpture 
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absent, integument uniformly smooth (B.). State A is 
considered plesiotypic. Justification of this polarity is 
by both out-group and in-group comparison. Most 
bolitocharines and many other aleocharines in many groups 
have reticulate integumental sculpture. Also, specimens of 
many species in almost all genera of gyrophaenines exhibit 
statesA.i9cf this®polarity is correct \then: a* single 
transformation series is indicated (A+B,-B,). 

Reticulate integumental sculpture is a basic and very 
common type of sculpture among staphylinids. Independent 
evolution of this state, or reversion to a reticulate 
condition from smooth integument seems a less parsimonious 
hypothesis than independent loss of reticulate 
microsculpture in a number of lineages of gyrophaenines. 
However, reversion from apotypic to plesiotypic states must 
be considered possible. Character States A and B, are 
precisely defined and therefore easy to interpret. However, 
State B, 1s a conglomeration of similar types of states, 
each of which may have been derived independently from an 
A-type ancestor or from a previous, relatively more 
plesiotypic B,-type ancestor. 

Because of the above problems, and because apotypic 
States are regressive, this character is not reliable for 


phylogenetic inference. 
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Character 4 — Head: medial macrosetae 

Two states are known: 1) a pair of macrosetae medially 
on vertex (A), and 2) macrosetae absent from vertex (8B). 
State A is considered to be plesiotypic, based solely on 
in-group comparison. Similar macrosetae are not known among 
bolitocharines, or, to my knowledge, among other 
aleocharines. Among gyrophaenines, there are macrosetae on 
the vertex in most members of Brachida and specimens of a 
very few species of Gyrophaena and Eumicrota. This 
distribution suggests that such macrosetae were present in 
ancestral gyrophaenines, and these have subsequently been 
lost from most lineages. 

The alternative hypothesis, that macrosetae on the 
vertex are derived within gyrophaenines is possible. 
However, the uniform position of these macrosetae, and the 
phylogenetically disjunct distribution of such macrosetae do 
not Support this hypothesis. The possibility that presence 
of macrosetae may be apotypic for the Gyrophaenina as a 
whole is given support by absence of such setae from 
Out-groups. This distribution may be a result of inadequate 
Survey of this character within these groups. Even so, the 
polarity of the transformation series given above (A+B) 
remains correct within the context of the gyrophaenines. 

Because apotypic states of this character are 
regressive and loss of macrosetae may have occurred numerous 
times within the gyrophaenines, this character is of little 


use for phylogenetic inference. 
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Character 5 — Infraorbital carina 

Two states are considered: 1) infraorbital carina well 
developed, complete ventrally (A), and 2) infraorbital 
carina incomplete, reduced or absent ventrally (B). Of 
these, State A is considered apotypic. Justification for 
this hypothesis is well established from both out-group and 
in-group comparison. An infraorbital carina is well 
developed among most bolitocharines, many other aleocharines 
and most gyrophaenines. 

Because apotypic states are regressive, it has very 


limited use in phylogenetic inference. 


Character 6 — Head: lateral macrosetae 

Two states known: 1) macrosetae (other than a medial 
pair in specimens of a few species) absent from the dorsal 
surface of the head (A), and 2) two macrosetae on dorsal 
surface of the head on each side, medial to the anterior and 
posterior margin of the eye (B). Based on both in-group and 
Out-group comparison, State A is considered plesiotypic. 
Macrosetae in this position are unknown among bolitocharines 
and most gyrophaenines. Among gyrophaenines, such 
Macrosetae are known only in the subgenus Acanthophaena of 
Phanerota and are probably uniquely derived within the 
subgenus. 

Because of the limited distribution of apotypic states 
of this character, it is not useful for phylogenetic 


inference at the generic level. However, it does provide 
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evidence that the subgenus Acanthophaena is a monophyletic 


assemblage. 


Character 7 — Eyes 

Two states are recognized: 1) eyes moderate in size 
(A), and 2) eyes extremely large, prominent (B). Based on 
both in-group and out-group comparison, State B is 
considered apotypic. Very large eyes are not found among 
bolitocharines, most other aleocharines, or among most 
gyrophaenines. Among gyrophaenines, extremely large eyes 
are found among members of the genus Phanerota and are 
probably uniquely derived within that genus. 

Because of the limited distribution of this character 
within gyrophaenines, it is not useful for intergeneric 
phylogenetic inference. However, it provides strong 


evidence that Phanerota is a monophyletic assemblage. 


Character 8 — Antenna: antennomere 4 

Two states are recognized: 1) antennomere 4 similar in 
Ssetation and general shape to antennomeres 5-10 (A), and 
2) antennomere 4 similar in setation and general shape to 
antennomeres 1-3 (B). Of these, State A is considered 
plesiotypic, based on out-group comparison. Most 
bolitocharines and ae other aleocharines exhibit the 
plesiotypic condition. 

Although in words, the states of this condition appear 
ambiguous, it is, in fact, within gyrophaenines, seldom 


difficult to assign an observed condition to one or the 
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other states. Intermediate conditions are found only among 
some members of Brachida. Modification of antennomere 4 to 
a general form different from antennomeres 5-10 gives the 
antennae of those gyrophaenines possessing the apotypic 
condition a distinctive appearance. 

Though conditions similar to State B may have evolved 
numerous times among other aleocharines, there seems little 
justification for the hypothesis that State B is plesiotypic 
among gyrophaenines. 

This character seems fairly useful for phylogenetic 


inference within the gyrophaenines. 


Character 9 — Labrum: number of setae 

Two states are recognized: 1) labrum with numerous 
Setae in addition to the basic setal pattern (A) (see 
Section 3.1.1.7 for description), and 2) labrum with few or 
no setae other than those in the basic pattern (B). Of 
these, State A is considered plesiotypic. Justification for 
this hypothesis is from both in-group and out-group 
comparisons. Some bolitocharines and many other 
aleocharines have numerous setae on the labrum. Among the 
gyrophaenines, State A is found among those groups which 
also exhibit other characters on the labrum believed to be 
plesiotypic. 

It iS important to note that many bolitocharines and 
also many other aleocharines exhibit conditions similar to 


State B. This provides some justification for the 
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alternative hypothesis that State B is the plesiotypic 


condition. This is undeniably 


of State A with other presumed 


possible, but the association 
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in the labrum of gyrophaenines, while weak evidence, is 


Suggestive that state A is plesi 


otypic. Also, acceptance of 


State B as plesiotypic would require that apotypic states 


involve a gain rather than a loss. 


rudimentary evidence to the contr 


parsimonious to postulate a loss 


Therefore, the hypothesis that 


t 


the gyrophaenines seems to be 


Without at least 


hypothesis. This implies that conditions similar to State B 


among other aleocharines are the result of independent 


evolution of this state, perhaps numerous times. 


This character has limite 


inference among gyrophaenines. 
relatively weak justification 
because the regressive nature 
Suggests the possibility that 


Several times independently wi 


character must be used with ca 


Character 10 — Labrum: ea-sensillum 


use for phylogenetic 


However, because of the 


for character polarity and 


of the apotypic states 


ith 


this state may have arisen 


the gyrophaenines, this 


Two states of this character are recognized: 


1) a-sensillum filiform, seta-like (A), and 2) a-sensillum 


thickened, hyaline. State A is considered plesiotypic, 


based on both in-group and out-group comparisons. Most 
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bolitocharines, many other aleocharines and most 
gyrophaenines exhibit State A. 

Apotypic states are uncommon and erraticaly distributed 
among several genera of gyrophaenines. The apotypic 
condition has probably been derived independently a number 
of times in one or more lineages within several genera. 
mnererore; this character is not useful for phylogenetic 


analysis at the level considered here. 


Character 11 — e«-sensillum 

Three states are recognized: 1) e-sensillum large, 
indistinguishable from labral setae (A); 2) e-sensillum 
setose, but much smaller than labral setae (B,); and 
3) e-sensillum reduced to a small peg-like object (B,). Of 
these, State A is considered plesiotypic, based on 
occurrence of State A in association with other plesiotypic 
conditions in both gyrophaenines and other aleocharines. 

If this polarity is correct, then a single 
transformation series based on progressive reductions of the 
e-sensillum can be recognized (A+B,-+B,). 

Justification for the hypothesis that State A is 
plesiotypic is not strong. However, the alternative 
hypothesis, that State B, is plesiotypic and more apotypic 
States of this character result in more seta-like 
e~sensilla, does not seem to be suggested by either in-group 


Or out-group comparison. 
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Weak justification of polarity and the fact that 
apotypic states of this transformation series involve 
regression suggests that this character has limited value 


for phylogenetic inference. 


Character 12 — Labrum: position of lateral sensilla row 

Two states are recognized: 1) sensilla of row near or 
at lateral margin of labrum (A), and 2) sensilla of row more 
or less distant from lateral margin (B). Of these, State A 
is considered plesiotypic. Justification for this 
hypothesis is from both in-group and out-group comparison. 
Among gyrophaenines, State A occurs among species which 
arise early in the cladogram, and in association with other 
presumed plesiotypic labral conditions. tate A is also 
found among many bolitocharines. 

Since State B also occurs in other aleocharines, it is 
possible that this is the plesiotypic condition. However, 
in-group comparisons among the gyrophaenines do not support 
this. 

Weak justification of the polarity of this 
transformation series suggests that the value of this 


character for phylogenetic inference is uncertain. 


Character 13 — Labrum: development of lateral sensilla row 
Two states are recognized: 1) 4 or 5 well developed 

sensilla in row (A), or 2) number and development of 

sensilla less (B). Based on both in-group and out-group 


comparison, State A is considered plesiotypic. State A is 
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the most common condition among gyrophaenines and occurs in 
Specimens of at least some species in all genera. Also, 
among gyrophaenines, State A occurs in all species of groups 
placed near the beginning of the cladogram and in 
association with other presumed plesiotypic states in the 
labrum of these species. In addition, many bolitocharines 
and many other aleocharines have State A. 

The wide distribution of the plesiotypic condition 
among gyrophaenines makes this character of limited use for 


phylogenetic inference at the generic level. 


Character 14 — Labrum: position of A.L.1 and A.L.2 

Dwovetatesrvaresrecognized:)1) origin®*ofsaAsLs lvandsa.Le2 
more or less distant from the margin of the labrum (A), and 
2) origin of A.L.1 and A.L.2 at the margin of the labrum 
(B). State A is considered plesiotypic, with reservations, 
based on both in-group and out-group comparison. Among 
gQyrophaenines State A occurs in association with other 
presumed plesiotypic conditions. Also, State A occurs in 
Specimens of some species in most genera. In addition, most 
bolitocharines have State A. These justifications are 
weakened by the wide distribution of State B among 
gyrophaenines, bolitocharines and other aleocharines. 

While the condition of this character in most specimens 
is relatively easy to assign to one or the other of these 
States, in specimens of some species, intermediate 


conditions exist (e.g. one seta of pair near and one distant 
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from labral margin (Figures 50), which makes this character 
difficult to use in practice. 

Weak justification for polarity of the transformation 
series, intermediate states, and probable multiple 
derivation of the presumed apotypic condition suggest that 
this character has little use in phylogenetic inference at 


the present time. 


Character 15 — Labrum: internal setose areas 

Two states are recognized: 1) densely setose area 
present internally on each side of labrum (A), and 
2) densely setose area absent internally on each side of 
midline (B). The polarity of this transformation series is 
not clear. Presence of State A only among species which 
arise near the base of the cladogram, and association with 
other labral character states presumed to be plesiotypic, 
suggest that this state is plesiotypic among the 
gyrophaenines. This hypothesis is given some support by the 
fact that State A occurs in some, but not all, species in 
both Probrachida and Brachida. If this hypothesis is 
correct then State B would have been independently derived 
by species within each of these genera, and also all 
remaining gyrophaenines. 

The alternative hypothesis, that State B is 
plesiotypic, is supported by the fact that I have not 
observed State A among the bolitocharines that I have 


examined, and the distribution of State A is unknown among 
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other aleocharines. This suggests that State A may be 
derived within the lineages which lead to Probrachida and 
Brachida. Because it is not clear whether these two genera 
are derived from a common ancestor (see discussion in 
section 4.2.2.5 for details), it is uncertain whether this 
character must have been derived once or twice within the 
gyrophaenines. However, in either instance, if State A isa 
derived condition in the ancestor(s) of the two lineages of 
gyrophaenines in which it occurs, then other species in each 
lineage must have reverted to the plesiotypic condition 
independently. 

I am unable to favor one of these two alternatives over 
the other. The hypothesis that State A is plesiotypic is 
the most parsimonious, but is not supported by out-group 
comparison. In contrast, the hypothesis that State B is 
plesiotypic is supported by limited out-group comparisons, 
but is less parsimonious because it requires assumption of 
regression to a plesiotypic state in at least some species. 
A more thorough study of this character within both 
bolitocharines and other aleocharines would probably allow 
one to choose between these hypotheses. 

Because of the uncertainty of polarity of the 
transformation series of this character, it is not useful 


for phylogenetic inference. 


he e 2i.0T tecitatzonls 


col ont: kee Biewes 
wi ; ‘ 7 


%, 
ay 


ti gi Se0scek LebiAnest 


Oma> 6 m2? Beles 


of 2.¢,856)\ weds 


(euUOn 2eri"séCo08 
i* ol tebs1baes Beres 
(isinw ot 2eniosstiesa 


fevei evel tun SpeaE 
“9 

-(linsbhosgee 

03 sideng ts ib ae 
Sy. - 


Gloqyd saT .36dseue 
pvolinowiatag Seoei 


&Estyoas ; teak 
: +a 
pias . sveru~ tf ‘Bethy vt Loins? at /o2ge3ene 
r Po ; ; t 

cunced ago EAgn aang panei mee 

C- 3a ivreiasia 6 od tee 
rs > pa 
viute dgueteds le 


° r | , 
7 6 15770 Of8@ ens hye 


pad seg co). .sewted sg0cdaus 
4 3 . ia 
: low s¢o Je Sag oi 
eee | 
1 2 136 tidd lo gelgen aerge re 
; a 
i926 Lae Sirenkoem 


a se) 

mw Loe 7 77 
a 

sha 


¥. 2 » : , 


; = ) Ua 


243 


Character 16 — Mandibles: form of apex 

Three states of this character are recognized: 
1) neither mandible bifid at apex (A); 2) left mandible 
bifid at apex (B); and 3) both mandibles bifid at apex (C). 
Of these, State A is considered plesiotypic, based on both 
in-group and out-group comparisons. State A is distibuted 
among most gyrophaenines. State B is characteristic of 
Specimens of most species of Brachida, while States A, B and 
C are all distributed within the genus Probrachida. It is 
not clear whether two transformation series (A+B and A>C) 
are represented by these states, or only a single series 
(A>B>C). This is an important consideration, since if only 
one transformation series is represented, it implies the 
possibility of a sister group relationship between 
Probrachida and Brachida. If, on the other hand, two series 
are involved, then the evidence for a sister group 
relationship between members of these two genera is weaker. 
The problem is in presence of all three states among members 
of Probrachida. This implies either independent derivation 


of bifid mandibles, or reversion to a plesiotypic condition. 


Character 17 — Mandibles: internal tooth 

Three states of this character are recognized: 1) right 
mandible with a well developed internal tooth (A); 
2) mandibles without an internal tooth (B); and 3) both 
mandibles with a well developed internal tooth (C). Of 


these, State A is considered plesiotypic, based on both 
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in-group and out-group comparisons. Presence of an internal 
tooth is widely distributed among bolitocharines, other 
aleocharines and gyrophaenines. Two transformation series 
among gyrophaenines are indicated. Absence of an internal 
tooth on the right mandible is considered a loss (A+B), 
while presence of an internal tooth on the left mandible is 
considered a gain (A>+C). 

Because the first transformation series is regressive, 
and distribution of the second very limited, this character 
has limited application for phylogenetic inference among 


gyrophaenine genera. 


Character 18 — Lacinia: form of apex 

Two states of this character are recognized: 1) apex of 
lacinia more or less acute (A), and 2) apex of lacinia 
obliquely truncate (B). Because State A characterizes 
almost all aleocharines except gyrophaenines, this state is 
considered plesiotypic. All members of the subtribe 
Gyrophaenina have State B and it is considered to be 
uniquely derived within this group. The obliquely truncate 
form of the apex of the lacinia of gyrophaenines is actually 
one of a set of highly integrated characters which, in 
combination, are associated with the feeding behavior of 
these beetles (see section 3.1.1.9). 

Since all gyrophaenines have the apotypic state for 
this character, it is not useful for phylogenetic inference 


whthin the group. However, it does provide evidence that 
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the gyrophaenines are monophyletic. 


Character 19 — Lacinia: apical teeth 

Two states are recognized: 1) teeth on apex of lacinia 
relatively few, in, at most, a loosely defined patch, 
slightly, or not at all differentiated from the lateral 
teeth or spines (A), and 2) teeth on apex of lacinia 
numerous, closely spaced, in a well defined patch, well 
differentiated from the lateral teeth and spines (B). 

State A is considered plesiotypic, based on out-group 
comparison. All bolitocharines and many other aleocharines 
have State A. In addition, among those aleocharines for 
which mouthpart structure is accurately known, only 
gyrophaenines have State B. 

State B is considered a uniquely derived condition 
within Gyrophaenina, and, as such, provides evidence that 
they form a monophyletic assemblage. 

State B of this character is part of an integrated 
complex of characters including State B of Character system 


18 (see above). 


Character 20 — Lacinia: teeth on inner face 

Three states are recognized: 1) numerous, dense, often 
spinelike, teeth on inner face of lacinia (A), and 2) few, 
more or less scattered, teeth on inner face of lacinia (B,); 
and 3) inner face of lacinia without teeth (B,). Of these, 
State A is considered plesiotypic, based on both in-group 


and out-group comparisons. Members of Probrachida have 


2 ocs sanigsangoryp aad, 


i) *> 
’ 


= , @ 
@l -te20sseneo 


~- 
o 
a: 
a 
— 
; 


> 


Iete owt 
- wet Viever as 
is 46n 30 |v LoRoee 


nm a ime 36 itess) 
i i 4 29 | rs ed be i 


f 
20g 


a 


beJjarinatT$s 


0 
Fy 6. >uUTI2 aqisivow age 


‘ atet#@ evad esninesigem 
¥ 


*“\fencs ali B® e7esgea 

‘3 2iGcl{? le 

fj] : 7 
a rue L “EQ Om "2. Fs aed x2 y4 i 


@int.io © siege 


J 
‘D5 on Sy¥aSvetsds Fo ee 


f 
Pay 


»  Svode si 
rr) 
rs 


ciaiszad = OS saa 
“1cooe2 S38 889692 68 
‘] : ¥ =ot ? 

téaqrni ao Agses 94 
‘ : 
o> ;bevetvaese geeks 

_* i 7 
: ; ae: 8 
; ‘ efoioei 10 956% Jenne 


| =e 
gape (90d ac! 4 y2cfselg bs sblacos & 


246 


state B, of this character in association with states of 
other characters which are almost certainly plesiotypic in 
relation to the remaining gyrophaenines. All other 
gyrophaenines have State B, of this character. State A is 
found among all bolitocharines and many other aleocharines. 

States are apparently all part of a single 
transformation series (A+B,+B,). Thus, State B, is 
intermediate between numerous teeth of bolitocharines and 
complete absence of teeth from all other gyrophaenines. 
Therefore, State B, is plesiotypic in relation to State B, 
within the context of the Gyrophaenina. 

This character is very useful for phylogenetic 


inference at supergeneric levels within Gyrophaenina. 


Character 21 — Lacinia: setae on inner face 

Three states are recognized: 1) setae on inner face of 
lacinia very numerous, densely and irregularly scattered 
(A); 2) setae less numerous, few to many, more or less 
loosely and irregularly scattered (B,); and 3) setae on 
inner face of lacinia few to many, in a well differentiated 
vertical row (B,). State A is considered plesiotypic, based 
on both in-group and out-group comparisons. State A occurs 
in all bolitocharines and many other aleocharines. State B 
characterizes in specimens of a number of groups of 
gyrophaenines. In specimens of Probrachida and Brachida, 
State B is found in association with other characters of the 


maxillae which are probably primitive. Most gyrophaenines 
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have State B,. 

It seems most likely that a single transformation 
series is represented by the states of this character 
(A+B,>B,). In contrast, it is possible that among the 
states characterizing gyrophaenines, State B, is not the 
direct precursor of B,. However, presence of both States A 
and B, among species of Probrachida and Brachida, and States 
B, and B, among species of Agaricomorpha and Sternotropa 
Suggest that the first hypothesis (A+8,+B,) is most likely 
COLEeCt. 

Although apotypic states are apparently subject to 
independent derivation within the gyrophaenines, when 
considered with other characters, this one is useful for 


phylogenetic analysis. 


Character 22 — Galea: arrangement of apical setae 

Three states are recognized: 1) setae numerous, in 
close, numerous (8-10) rows (A); 2) setae numerous, rows 
fewer (5-8), but close (B,); and 3) setae less numerous, in 
4 well separated rows (B,). Of these, State A is 
plesiotypic, based on both in-group and out-group 
comparison. State A characterizes most bolitocharines, many 
Other aleocharines, and some members of Brachida among 
gyrophaenines. Among gyrophaenines, State B, occurs in 
members of both Probrachida and Brachida. All other 


gyrophaenines have State B,. 
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Since, among gyrophaenines, States A and B, are 
associated with states of other characters of the maxillae 
believed to be plesiotypic, and State A is widely 
distributed in the out-group, a single transformation series 
is suggested (A+B,-B,). 

Although apotypic states are regressive, the end point 
of the reduction in number of rows of galeal setae is not 
Simply a series of variously reduced states. Instead, among 
gyrophaenines at least, the end point of this reduction is 
uniformly constant in expression as 4 distinct, widely 
Spaced rows of setae. In addition, the end point of this 
transformation series (State B,) is found, with little 
modification, among members of many lineages of 
gQyrophaenines. Therefore, although the apotypic states are 
regresSive, eNe uniformity of the end of the transformation 
Series suggests that it has been derived only once. 
Therefore, this character appears to be very useful for 


phylogenetic inference. 


Character 23 — Galea: structure of apical setae 

Two states are recognized: 1) setae on apex of galea 
long, filiform, setose (A), and 2) setae on apex of galea 
flattened, subspatulate or plate-like (B). Based on both 
in-group and out-group comparison, State A is considered 
plesiotypic. State A characterizes most bolitocharines and 
most other aleocharines. In addition, among gyrophaenines, 


State A is found in members of Probrachida and in members of 
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some species of Brachida. All other gyrophaenines have 
State B of this character. 

Presence of both States A and B among species of 
Brachida, and State B among specimens of some species of 
bolitocharines suggest that the derived state of this 
character may be part of a functional complex related to 
fungus feeding. It could therefore have been derived any 
number of times independently in response to mushroom 
feeding. However, because of the invariance of State B in 
all gyrophaenines except Probrachida and Brachida, and 
uniform association of State B with the apotypic state of 
Character 22, it Seems most parsimonious to consider State B 
to be of monophyletic origin in all those gyrophaenines in 
which it occurs except Brachida. This character is 


therefore very useful for phylogenetic inference. 


Character 24 — Labium: form of ligula 

Six states are recognized: 1) ligula elongate, bifid at 
apex (A); 2) ligula short, entire, protruding and parallel 
Sided (8); 3) ligula short, entire, broadly rounded (C); 
4) ligula short, protruding, parallel sided, divided 1/2 to 
2/3 distance to bases into 2 more or less sharply pointed 
lobes (D,); 5) ligula short, protruding, parallel sided, 
divided almost or fully to base into 2 pointed or acutely 
rounded lobes (D,); and 6) ligula elongate, parallel sided, 
anterior 1/3 divided into 2 divergent lobes (E£). Of these, 


State A is the inferred ancestral condition for 
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gyrophaenines. This condition of the ligula is not 
presently known in any gyrophaenine. It is instead inferred 
as ancestral because it is very similar to the condition 
found among bolitocharines and many other aleocharines. 
Condition of the ligula in bolitocharines (Figure 118) is 
probably similar to that of the common ancestor of the 
bolitocharines and gyrophaenines (based on additional 
out-group comparisons with the remainder of the 
Aleocharinae). It is, therefore, most parsimonious to 
hypothesize that the ancestor of the gyrophaenines possessed 
a ligula more similar to that of bolitocharines than to that 
represented in any extant gyrophaenine. No attempt has been 
made to arrange the other states of this character ina 
Single transformation series (except D, and D,). This is 
because I do not have aytaence which allows defensible 
hypotheses about which, if any, of the known states of the 
ligula in gyrophaenines is plesiotypic, or even which is 
most similar to the type from which all known types are 
derived. It seems, based on simplicity of structure, that 
two hypotheses could be considered. First, State C, 
characteristic of members of Probrachida, Brachida, and 
Encephalus, might be plesiotypic. This is suggested by 
occurrence of this state among species of Probrachida and 
Brachida placed near the base of the cladogram and 
possessing a large suite of other plesiotypic character 
States. However, it seems difficult to imagine how States 


D,, D, and E could have been derived form this character 
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State. Alternatively, State B, characteristic of members of 
Gyrophaena, Phanerota and Eumicrota could be similar to 

the ancestral condition. It seems that a condition of the 
ligula similar to this could easily be modified to all 
conditions known within gyrophaenines. However, State B is 
limited to a single lineage. If similar to the primitive 
condition, it might be expected to occur in more or less 
unmodified form in other lineages of gyrophaenine. 

In addition, both these hypotheses suffer from the 
facts that neither occurs among bolitocharines, and both are 
uncommon among other aleocharines. 

It therefore seems most parSimonious to recognize the 
following transformation series among these character 
states: A+B, A+C, A>D,-D.,, A-E(?). The last, A+E, is very 
uncertain because placement of Neobrachida, specimens of 
which have State £, is inadequately established. Based on a 
tentative placement of Neobrachida near Sternotropa (see 
Section 4.2.2.7.4), a more reasonable transformation series 
would be D,-E. 

The most reasonable alternative to the series presented 
above would be: A-B, B-C, B-D,+-D, (E as above), based on the 
assumption that State B is plesiotypic within the 
gyrophaenines. As noted above, this hypothesis cannot be 
markedly supported. 

Whether one considers each of State B through EF to be 
apotypic within the context of gyrophaenines, or whether one 


considers State B to be plesiotypic, does not affect the 
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structure of sister group relationships in the phylogeny. 
However, it does affect the way that condition of the ligula 
as a character supports those relationships (see discussion 
imaSectironaé 27278): 

In spite of the problems outlined above, the fact that 
all of States B to E of this character are apotypic in 
relation to that found in the ancestor of the gyrophaenines, 
and that States C and D are independently derived states 
within the gyrophaenines, seem well supported. Therefore, 
with the additional reservations discussed in Section 
3.1.1.10, this character is very useful for phylogenetic 


inference. 


Character 25 — Labium: number of medial setae 

Three states are recognized: 1) two medial setae 
present (A); 2) one medial seta present (B,); and 3) medial 
setae absent (B,). Of these states, A is considered 
plesiotypic, based on both in-group and out-group 
comparisons. Most bolitocharines, most aleocharines, and, 
among gyrophaenines, members of Probrachida, have two medial 
setae. As far as is known all other gyrophaenines have 
State B, except for a few members of the genera Sternotropa, 
Gyrophaena and Phanerota, which have State B,. 

A single transformation series of these character 
States 1s indicated (A+B,-B,). 

Although State B, occurs in a few bolitocharines and 


some other aleocharines, these conditions are probably 
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independently derived in these groups. In addition, the 
invariant occurrence of State B, among all gyrophaenines 
except Probrachida (here State B, is considered a secondary 
modification of State B,) indicates that State B, probably 
evolved only once (perhaps twice, depending on relationships 
of Brachida; see section 4.2.2.5) within the gyrophaenines. 
Therefore this character is useful for phylogenetic 


analysis. 


Character 26 — Pronotum: sinuosity of the base 

States of this character among gyrophaenines are 
arranged in a continuously varying transformation series. 
However, this series is conveniently, although arbitrarily, 
divided into 3 character states: 1) hind margin of pronotum 
markedly bisinuate (A); 2) hind margin of pronotum slightly 
bisinuate (B,); and 3) hind margin of pronotum not bisinuate 
(B,). Based on both in-group and out-group comparisons, 
State A is considered plesiotypic. A markedly bisinuate 
hind margin of the pronotum (State A) is rather widely 
distributed in many groups of gyrophaenines. Reduction of 
bisinuations to a smoothly rounded hind margin appears to be 
most commonly associated with subsequent narrowing of the 
pronotum, an apotypic character state (see Character 28). 
In addition, State A is widely distributed within the 
Aleocharinae. Bolitocharines, however, do not have a 
bisinuate hind margin of the pronotum. Under this 


interpretation, State B, in bolitocharines is derived 


< 


a, | 


ai-,8 897692: 53 oni eae ‘ 
ines: 


; oe 
é 3 ee site (8. edage 26 wie: 
yea P, eqedzaa). eons qin: bovik 

At 


Ss 


q 
» 


olssee gba" ici is © 


ery. 
»i2eYed>o elag LA: 


¥ 


im 4 . {2 seuz7onesd = eS 


S363 etcs> 29 


me is tnewoo ef Beisen aiget ae 
" 
o yoteereds ognk: vf 


y n &) -etaeun3 
oT Ee | s ie wm Said 4 oes wat 


ep eer - Ss“ yo S06 qvetpea pode oe 


an is 
chad 2950 saradienos ati 
p18 a 
a 


ig 
cay?) wo toneee one: 20) pir: 
4 at inmates to 2 qORy 1am nif 227: 


i es 
cs aiesnd eta - e5ruscs qidscomm 4. oti ae kh 
ot le ae 

ai3 pi: ¥oI t dae? 7 pu OF = hte J€ Fy +. tera agee, ae; 


‘4 e" “a aai i} & bet > 
. 
O47 aig’ Sed ingaid vlebi 


 evadt tor of .cevewe . ae 
eins vebali .mvignex # 
ber i teb 21. ze! 


independently from State B, in gyrophaenines. A single 
transformation series is indicated (A+B,+B,). Because the 
States are arbitrary divisions of a continuum, and because 
of the probably multiple derivation of apotypic states 
within gyrophaenines, this character has very limited use 


for phylogenetic inference. 


Character 27 — Pronotum: median emargination of base 

Two states are recognized: 1) hind margin of pronotum 
without a medial emargination (A), and 2) hind margin of 
pronotum with a broad to more or less acute medial 
emargination (B). State A is considered plesiotypic. It is 
the condition among most gyrophaenines, all bolitocharines, 
and most other aleocharines. 

State B 1s uncommon among gyrophaenines and distributed 
in groups which are phylogenetically widely separated. It 
has probably been derived a number of times independently. 
Therefore, this character is not very useful for 


phylogenetic analysis. 


Character 28 — Pronotum: shape 

Three states are recognized: 1) pronotum more or less 
markedly transverse (A); 2) pronotum more or less broadly 
Baie ib.) and 3) pronotum more or less subquadrate (B,). 
Of these, State A is considered plesiotypic, based primarily 
On in-group comparisons. State A is characterizes members 
of a number of genera of aleocharines. However, all 


bolitocharines that I have examined have States 8, and B,. 


? 5 ro 
¥ 3 % “ 
Fe 

Iz 
an ie 
‘ Nara 8 AR) i 
h 7 | 
ay 


3 wa ee. 


+346 inddoaels yoo 
o> 


ing ( tore 


240 


Occurrence of State A among a number of different groups of 
gyrophaenines, usually in association with states of other 
pronotal characters believed to be plesiotypic, suggests 
that this state is plesiotypic within the Gyrophaenina. 
Because of the probable multiple origin of apotypic 
states among gyrophaenines, this character has limited use 


for phylogenetic inference. 


Character 29 — Pronotum: flexion of lateral border 

Degree of ventral flexion of lateral borders of the 
pronotum among gyrophaenines is arranged in a continuum, 
from extremely deflexed to not deflexed. This continuum is 
conveniently, though arbitrarily, divided into 3 states: 
1) lateral borders of pronotum moderately to slightly 
deflexed (A); 2) lateral borders of pronotum not at all or 
very slightly deflexed (B); and 3) lateral borders of 
pronotum very markedly deflexed (C). Of these State A is 
considered plesiotypic base on both in-group and out-group 
comparisons. Many aleocharines have a moderately convex 
pronotum. This prompted Seevers (1978) to suggest that the 
generalized condition of the aleocharine pronotum was rather 
convex, and flattening of the pronotum is derived. However, 
most bolitocharines have State B of this character. State A 
is widely distributed among gyrophaenines and occurs in at 
least some members of almost all genera. State B appears to 
have been derived several times independently: however, 


among gyrophaenines, very markedly flattened pronota only 
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occur among species of Gyrophaena and Phanerota. 

Very markedly convex pronotun (State C) is also 
considered derived (modified from State A). This condition 
is limited among gyrophaenines to members of Brachychara, 
Adelarthra and Encephalus. 

Therefore, two transformation series are suggested in 
this character (A+B and A>C). 

Ambiguity of assigning conditions observed in 
Specimens, and probable multiple origin of derived states 
among gyrophaenines make this character of very limited 


value for phylogenetic inference. 


Character 30 — Hypomera: visibility 

Expression of this character is correlated with 
expression of Character 29 as discussed in Section 3.1.1.11. 
As in Character 29, the states are arranged in a continuum, 
arbitrarily divided into three states: 1) hypomera almost 
invisible in lateral view (A); 2) hypomera narrowly visible 
in lateral view (B,); and 3) hypomera broadly or in large 
part visible in lateral view (B,). State A is considered 
plesiotypic, Justification for this hypothesis is very 
Similar to that presented for polarity of Character 29. 
Invisibility of the hypomera in latral view is probably 
plesiotypic for aleocharines as a group (Seevers, 1978), and 
State A is widely distributed among aleocharines and 
Qyrophaenines. However, as far as is known, all 


bolitocharines have States B, or B, of this system. Under 
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the hypothesis presented above, apotypic states among 
bolitocharines are derived independently of similar apotypic 
States in gyrophaenines. Among gyrophaenines, apotypic 
states, and particularily State B,, are widely distributed 
only in the genera Gyrophaena, Phanerota and a few species 
of Eumicrota. However, usefulness of this character tor 
phylogenetic inference is somewhat limited by the presence 
of all three character states (A, B,, B,) within Gyrophaena. 
Some examples of State A within Gyrophaena may be secondary 
derivation of this condition from a more apotypic state. 
However, among some groups (e.g. Gyrophaena hubbardi 
Seevers and related species) State A of this character is 
associated with other presumed plesiotypic states of prontal 


characters. 


Character 31 — Scutellum: visibility 

Two states are recognized: 1) scutellum visible in 
dorsal view (A), and 2) scutellum hidden by the base of the 
Ppronotum in dorsal view (B). Based on in-group and 
out-group comparisons, State A is considered plesiotypic for 
Qyrophaenines. Most aleocharines, all bolitocharines I have 
examined, and most gyrophaenines have State A. 

The limited distribution of apotypic states makes it of 
relatively little use in phylogenetic inference at the genus 


level, 
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Character 32 — Elytron: latero-apical angle 

States of this character are arbitrary and rather 
ambiguous, but convenient, divisions of a continuous 
transformation series. These states are: 1) latero-apical 
angle of elytron markedly or deeply sinuate (A); 2) latero- 
apical angle of elytron weaky or shallowly sinuate (B8,); and 
3)elatero-apical angle of elytron not *sinuate (B,).« State A 
is considered plesiotypic, based primarily on out-group 
comparison. A great many aleocharines in a diversity of 
groups and all bolitocharines have State A. Hammond (1975) 
treated sinuate latero-apical angle of elytra as a uniquely 
derived character within the aleocharines in relation to the 
Sister group (within which he included the Phloeocharinae, 
Tachyporinae, Trichophylinae and Habrocerinae). If Hammond 
is correct, then sinuate latero-apical elytral angles are 
plesiotypic for Aleocharinae. This is the interpretation 
accepted in this study. 

If this hypothesis is correct, then a single 
transformation series is indicated based on progressive loss 
of sinuation of the latero-apical angles (A-B,-B,). 

Because the apotypic states are regressive, they 
probably have been derived a number of times independently 
within Gyrophaenina.- This character therefore, is not very 
reliable for phylogenetic inference within the 


gyrophaenines. 
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Character 33 — Prosternum: shape 

Two more or less ambiguous states are recognized: 

1) prosternum markedly transverse (A), and 2) prosternum 
Slightly to moderately transverse (B). State A is 
considered plesiotypic. This polarity is justified 
primarily by in-group comparisons, and is based mainly on 
correlation between the states and Character 28. As 
discussed in Section 3.1.1.13 a transverse prosternum 
characterizes most specimens with markedly transverse 
pronota. If the hypothesis that the latter state is 
plesiotypic in gyrophaenines, then it follows that a 
markedly transverse prosternum, which is correlated with 
this condition, is also plesiotypic. 

While this justification of this character polarity A+B 
is very weak, it is difficult to defend alternative 
hypotheses at this time. The alternative hypothesis that 
State B is plesiotypic is given some support by presence of 
this state in many bolitocharines. However, as noted in the 
discussion of Character 28, bolitocharines also have 
Slightly transverse to subquadrate pronota, a presumed 
apotypic condition. 

Because of the weak justification for polarity of this 
Character, it has ene limited use in phylogenetic 


inference. 
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Character 34 — Prosternum: medial ornamentation 

Four states are recognized: 1) prosternum with a tooth, 
carina or knob medially (A); 2) prosternum with tooth, 
Carina or knob reduced or absent (B); 3) prosternum with a 
transverse carina (C,); and 4) prosternum without a 
transverse carina (C,). State A is considered plesiotypic, 
Justified primarily on the basis of out-group comparisons. 
This state is widespread among aleocharines and 
characterizes all bolitocharines. Among gyrophaenines, 
apotypic states are limited to members of the "Gyrophaena" 
lineage (see Section 4.2.2.8) and Probrachida and Brachida, 
and is probably derived independently in each of these 
lineages. State B is not known among gyrophaenines, but is 
an inferred condition which seems to be required if the 
above hypothesis is correct. (It is possible, however, that 
the condition in members of the "Brachida" lineage 
represents State B instead of State C,. If so, it is 
indistinguishable from State C, found in some Species of 
Gyrophaena and Phanerota.) State C does not seem directly 
derivable from State A without previous reduction of the 
medial ornamentation. 

If the above hypothesis is correct a single 
transformation series ie indicated in which the medial 
Ornamentation of the prosternum is reduced or lost, followed 
Subsequently by development of a transverse carina on the 
Prosternum. Finally, transverse carina is lost in some 


Species (A+B>C,-C,). 
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This character has limited use for phylogenetic 
inference, and must be used with caution because two 
independently derived conditions (B and C,) may be 
indistinguishable, and also because some apotypic states are 


regresSive. 


Character 35 — Mesosternum: development of carina 

Four states are recognized: 1) mesosternum with a well 
developed median longitudinal carina from anterior margin to 
apex of mesosternal process (A); 2) medial longitudinal 
Carina more or less reduced, not complete to end of 
mesosternal process (B); 3) medial longitudinal carina 
modified to a low, diffuse, broad ridge (C); and 4) medial 
longitudinal carina absent (D). Based on both in-group and 
out-group comparisons, State A is considered plesiotypic. 
The presence of a median longitudinal carina on the 
mesosternum is widespread among the aleocharines. It is 
present in all bolitocharines that I have examined, though 
in this group there has been secondary modification to 
State B in many species. These facts, in addition to the 
presence of State A in a number of genera of gQyrophaenines, 
Provide strong support for the hypothesis that State JA was 
the condition found in the ancestor of the gyrophaenines. 

Because all apotypic states are regressive, a number of 
different, morphologically indistinguishable transformation 
Series are possible based on the above states. These are: 


1) reduction of the posterior carina (A+B); 2) modification 
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of the carina to a low, diffuse ridge (may be derived from 
either State A or B) (A+C; B+C); and 3) complete loss of the 
median longitudinal carina, derived from any other state 
(A+D; B+D; CD). 

Because apotypic states are regressive, it must be used 
with caution in phylogenetic inference within the 


gyrophaenines. 


Character 36 — Intercoxal processes: relative length 

Two states are considered: 1) mesosternal process 
extended to middle or slightly posterior to middle of middle 
coxae (A), and 2) mesosternal process extended to or almost 
extended to posterior margin of mesocoxal cavities (8B). 
These character states are rather ambiguous, and 
intermediates between these states make this character 
rather difficult to use. 

State A is probably most similar to the plesiotypic 
condition for gyrophaenines, based primarily on out-group 
comparisons. State A is the condition in most 
bolitocharines, and is widely scattered among gyrophaenines. 
However, variation in this system is inadequately 
understood. Intermediate conditions between these two 
States makes interpretation difficult. It seems likely that 
apotypic states have been derived a number of times 
independently. Therefore, this character should be used 


with caution for phylogenetic inference. 
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Character 37 — Intercoxal processes: separation 

Two stateS are recognized: 1) mesosternal and 
metasternal processes more or less separated, isthmus 
present (A), and 2) mesosternal and metasternal processes 
more or less contiguous, isthmus absent (B). Based 
primarily on out-group comparisons, State A is considered 
plesiotypic. It is the condition of most bolitocharines and 
many other aleocharines. State B characterizes all 
Qyrophaenines except specimens of Agaricochara which have a 
very short isthmus. Continuous middle coxae are so 
invariable within Gyrophaenina that it suggests that 
Separated intercoxal processes in Agaricochara species may 
be secondary. 

State B in specimens of a few species of 
bolitocharines, and some other aleocharines, are almost 
certainly examples of independent evolution of this 
condition in these groups. 

Because of uniform distribution of the plesiotypic 
State of this character among gyrophaenines, this is not 
useful for phylogenetic inference within this Subtribe. it 
does provide additional evidence that gyrophaenines are 
monophyletic. However, presence of State 4A in specimens of 


Agaricochara is anomalous within this hypothesis. 
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Character 38 — Intercoxal processes: condition of juncture 

Two states are considered: 1) junction between 
mesosternal and metasternal process truncate or broadly 
rounded, with a distinct suture (A), and 2) junction between 
intercoxal processes fused, suture invisible (B). State J 
is considered plesiotypic, based on both in-group and 
out-group comparisons. Completely fused mesosternal and 
metasternal processes were not present among the 
bolitocharines I examined, and they are not common among 
other aleocharines. State A characterizes most 
gyrophaenines. From this condition, State B has apparently 
been derived independently a number of times (often within a 
Single genus). 

Because of the probable multiple origin of the apotypic 
condition, this character is of very limited use for 


phylogenetic inference. 


Character 39 — Metepisternal setae 

Four states are recognized: 1) setae on metepisternum 
numerous, uniformly and irregularly distributed (A); 
2) setae on metepisternum in 2 irregular rows (B,); 3) setae 
On metepisternum in a single well differentiated row (B,); 
and 4) setae on metepisternum absent or very few scattered 
BeLaemrestrictedstosposterior-third oraless-(C). 
Justification considering State A plesiotypic is available 
from both in-group and out-group comparisons. This state 


characterizes most bolitocharines and many other 
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aleocharines, but among gyrophaenines is represented only in 
Specimens of some species of Probrachida and Brachida. 

These groups arise near the base of the cladogram and have a 
number of other plesiotypic character states. 

States of this character are arranged in several 
transformation series. The first involves progressive loss 
of setae of the metepisternum by reduction of the number of 
rows of setae (A+B,>B,). The second series involves 
complete loss of the setae on the metepisternum. However, 
this condition could conceivably be derived from any of the 
other states (A>C; B,-C; B.2C). At present it is impossible 
to distinguish between the end results of these 
transformation series. 

Since the apotypic states involve regression, the 
character must be used with caution. However, as a 
comparative character, it is very useful for analysis of 


some lineages. 


Character 40 — Metepisternum: carina 

Two states are recognized: 1) setose area on 
metepisternum not delimited anteriorly and ventrally by a 
carina (A), and 2) setose area on metepisternum delimited 
anteriorly and ventrally by a weak to moderately developed 
carina (B). Based on both in-group and out-group 
comparison, State A is considered plesiotypic. It 
characterizes most bolitocharines, and is widely distributed 


among other aleocharines. Among gyrophaenines, State A 
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characterizes members of most genera. 

State B has been independently derived in a few 
bolitocharines and several other aleocharine lineages, 
Suggesting that the apotypic state may also be of multiple 
Origin within Gyrophaenina. The condition of the 
metepisternum of most species of the "Probrachida" lineage 
may be confusing. In these specimens, the setose area of 
the metepisternum is depressed so that the setae are ina 
well defined groove. However, the anterior and ventral 
edges of this groove do not appear to be homologous to the 
carina located in this position in other gyrophaenines. 

A problem in using this character is interpretation of 
the condition. The carina may be very faint and present 
only anteriorly, or it may be quite distinct and form a 
complete anterior and ventral boundary for the setose area. 
Intermediates between the conditions also occur. I have 
considered all these carinate conditions equivalent under 
State B. 

This character is useful for phylogenetic inference. 
However, because of the possibility of multiple origin of 


the derived conditions, it must be used with caution. 


Character 40 — Abdomen: number of terga transversely 
impressed 

Three states are considered here: 1) terga 3-6 
moderately markedly transversely impressed (A); 2) terga 


Slightly impressed, one or more of 3-5 without impressions 
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(B,); and 3) all terga without transverse impressions (B,). 
Of these, State A is considered plesiotypic. Justification 
for this hypothesis is from both in-group and out-group 
comparisons. State A is found in all bolitocharines and in 
most other aleocharines. In addition, State A is the 
condition in most gyrophaenines and is found in specimens of 
almost all lineages. 

A single transformation series is indicated for the 
States based on progressive loss of transverse impressions 
on the abdominal tergites (4+B,-B,). 

Difficulty in interpreting the conditions of this 
character is possible. 

Because apotypic states are regessive, the probability 
of multiple origin of States B, and B, is very high. 
Therefore, this character has very limited value in 


phylogenetic inference within the gyrophaenines. 


Character 42 — Tergum 10: shape of medial setose area 

Five states are considered: 1) medial setose area of 
tergum 10 more or less quadrate with numerous setae (A); 
2) medial setose area on tergum 10 more or less quadrate 
with fewer more widely scattered setae (B); 3) medial setose 
area on tergum 10 chevron-shaped (inverted V-shaped, point 
directed anteriorly) with numerous setae not in distinct 
rows (C,); 4) medial setose area on tergum 10 chevron- 
Shaped, setae few, in 1 or 2 (in some specimens, Slightly a 


third) well developed rows (C.); and 5) medial setose area 
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on tergum 10 V-shaped (point of "Vv" directed posteriorly), 
Setae few, in 1 or 2 distinct rows. (D). Based on both 
in-group and out-group comparisons, State A is hypothesized 
to be plesiotypic. It is widespread among aleocharines and 
is found among specimens of phylogenetically widely 
separated groups of gyrophaenines. In addition, State A is 
the condition from which all other conditions of this 
character could most easily be derived within gQyrophaenines. 

The alternate hypothesis, that State C, is plesiotypic, 
iS given some support by the fact that this State 
characterizes bolitocharines. It is also the condition in 
many other groups of aleocharines, Particularly some 
Oxypodini. However, it seems most parsimonious to 
conclude that the structurally less complex subquadrate 
setal patch is the true plesiotypic condition for the 
aleocharines as a whole. If so, then State C, has been 
independently evolved in bolitocharines, many groups of 
aleocharines, and some gyrophaenines. 

If this hypothesis is correct, then at least three 
transformation series are indicated. The first is Simple 
reduction in number and density of the setae (A+B). The 
second series involves loss of setae posteriorly and 
medially, giving an Ena caiaee setose area, with the trend 
continued to produce a chevron-shaped setose area composed 
pie well developed rows of setae (A+C,°-C;). A third series 
involves loss of antero-medial and postero-lateral setae 


Producing a V-shaped setose area (A+D). Presumably the 
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second and third of these series could involve State B as an 
intermediate condition. 

Although the apotypic states are regresSive, the 
patterns of loss are not uniform in the different 
transformation series. Therefore, though it seems likely 
that States C, and C, have been independently derived 
Several times in the gyrophaenines (see Section 5.3.1.2), 
this character, when used with caution, is very useful for 


phylogenetic inference. 


Character 43 — Tergum 10: structure of medial setae 

Three states are recognized: 1) setae on tergum 10 more 
or less long, setiform, unmodified (A): 2) setae on 
tergum 10 more or less short and stubby, setiform 6B is 
3) setae on tergum 10 flattened, more or less subspatulate 
(B.). Justification for considering State 4 plesiotypic 
comes from in-group and out-group comparisons. This is the 
condition of bolitocharines and most other aleocharines. 
State A also occurs in phylogenetically diverse groups of 
gyrophaenines. 

If the hypothesis about character state polarity is 
correct, either one or two transformation series are 
possible based on these character states. It seems most 
likely that State B, is derived from State A. However, 
State B, may be derived from either State A or B, (A>B,; 
A>B,>B,). It is not possible to distinguish between the end 


Products of these two transformation series at this time. 
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Although multiple origin of apotypic states is possible 
within the gyrophaenines, the System is useful in 
phylogenetic inference within the group, especially when 


used in correlation with other characters: 


Character 44 — Spermatheca: latero-apical plate 

Two states are considered here: 1) latero-apical plate 
absent (A), and 2) latero-apical plate present (B). State A 
is almost certainly plesiotypic, based on out-group 
comparison. Although the structure of the Spermatheca of 
aleocharines has not been studied in detail, and 
Spermathecal structure of many groups is unknown, a latero- 
apical plate is known only among members of the 
Gyrophaenina. In addition, females of all gyrophaenines, 
except for a few species of Probrachida, have such a plate. 
Members of those few species of Probrachida which lack this 
plate are most parsimoniously considered to have lost this 
Structure, since it occurs in females of closely related 
Species. The latero-apical plate (State 8B), is, therefore, 
almost certainly a uniquely derived characteristic within 
the subtribe Gyrophaenina. 

Since females of all gyrophaenines possess State B of 
this character, it is not useful for phylogenetic inference 
this subtribe. However, this character is of great value in 
Supporting the hypothesis that gyrophaenines are 


monophyletic. 
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Character 45 — Spermatheca: modifications 

Three states are considered: 1) Spermatheca simple, 
without elongate neck (A); 2) spermatheca with neck elongate 
distal to the latero-apical plate, neck often twisted Or 
convolute (B); 3) spermatheca with neck elongate proximal to 
the latero-apical plate, neck often twisted or convoluted 
(C). Based primarily on in-group comparisons, State 4 is 
considered plesiotypic. It characterizes females of a 
number of lineages of gyrophaenines. States B and C are 
limited to single lineages, and it is most parSimonious to 
consider them independently derived. 

This character has limited use for phylogenetic 
inference within the gyrophaenines. It is most useful in 
Supporting hypotheses about the monophyly of those groups 


within the tribe which have the derived states. 


Character 46 — Median lobe of the aedeagus 

For simplicity, only two states are considered. However, 
a large number of relatively plesiotypic and apotypic states 
can be recognized among gyrophaenine aedeagi. Outgroup 
comparison with bolitocharines and other aleocharine groups 
Suggests that in the relatively plesiotypic condition, the 
median lobe of gyrophaenines has a simple, lobe-like apical 
Process and a relatively short, unsclerotized, tube-like 
flagellum (State A). Relatively apotypic conditions of the 
median lobe include modification of the apical process to 


very slender, blade-like or highly complex structures, and 
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modification of the flagellum to very slender, elongate, 
whip-like structures, or highly complex and more or less 
sclerotized structure (State 8). Therefore, for this 
character, plesiotypic and apotypic conditions discussed in 
cladistic analysis are not specific conditions, but rather 
conditions relative to that hypothesized to have been 
present in the common ancestor of two lineages. 

Because general form of the median lobe is relatively 
uniform within a group, this is a very useful character for 
phylogenetic analysis. This character can be broken down 
into a number of more specific systems for use at other 


levels of analysis. 


Character 47 — Parameres 

Justification for this character is similar to that of 
Character 46. Only two states are considered. In-group and 
Out-group comparisons with bolitocharines and other 
aleocharines suggests that in the plesiotypic condition, the 
apical lobe of the paramerite of gyrophaenine parameres is 
Symetrical, relatively simple, elongate, and with four more 
or less equal setae located near apex (State A). Relatively 
apotypic conditions of the parameres include modifications 
of the apical lobes to be asymmetrical, or very elongate, 
with setae very unequal in size and not all located near 
apex (State B). The specific condition considered apotypic 
is discussed in the appropriate section of the cladistic 


analysis. 
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Because relatively apotypic conditions are uniform in 
some groups, this is a useful character for phylogenetic 
analysis. This character can also be resolved to a number 
of more specific characters useful at other levels of 


analysis. 


4.2 Phylogenetic Analysis 


4.2.1 Theoretical Considerations 

I agree with Whitehead (1972) and Hammond (1975) that 
it is important to clearly present the theoretical, 
philosophical and methodological basis for an analysis. 
Without such a clear exposition of approach, subsequent 
Critical evaluation is difficult or ineffective. In this 
section, I will present a brief review of the fundamental 
assumptions on which the following analysis is based. 

The procedure used in this treatment for reconstructing 
the phylogenetic relationships of groups of gyrophaenines 
waS originally developed by Hennig (1965, 1966). Since 
these first expositions on phylogenetic systematics (which 
Will be referred to here as "cladistic analysis" or 
"cladism") the literature on cladistic methods, 
philosophy, and theoretical implications has become 
extensive. In addition, as Bonde (1977) and Gaffney (1979) 
have pointed out, the ideas and methods currently considered 


as parts of cladistic analysis are very diverse. 
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Major papers which have developed cladistic methods 
Or theory, in addition to primary papers by Hennig (1965, 
1966), include Brundin (1966, 1972), Cracraft (a1.9:7.4:) 
Griffiths (1974), Hecht and Edwards (1977), Nelson (1972, 
1973), Platnick (1977), Schaeffer, Hecht anda Eldredge 
(1972), and Wiley (1975). Important papers concerned with 
philosophical aspects of systematics include Cracraft 
(1978), Hull (1970, 1974, 1979), Platnick (1979), and 
Platnick and Gaffney (1977, 1978). Major criticisms of 
cladistic methods have come from Ashlock (1974), Bock 
(1968), Darlington (1970), Mayr (1974) ana Simpson (1975). 

Three recent books (Eldredge and Cracraft 1980; Nelson 
and Platnick 1980; Wiley 1981), while different in intent 
and approach, provide insight into contemporary concepts of 
phylogenetic inference. | 

I agree with Eldredge and Cracraft (1980) that 
reconstruction of the phylogenetic history of a group should 
be done using a method which is hypothetico-deductive in 
Structure. That is, hypotheses about phylogenetic history 
must be presented in such a way that they can be critically 
evaluated, and, if inconsistant with additional evidence, be 
rejected. I believe that cladistic analysis is the 
presently available ened most consistant with this 
requirement. 

I accept the following methodological principles in 
relation to cladistic analysis: 1) monophyletic groups can 


be recognized only on the basis of uniquely shared, derived 
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character states (autapotypy); 2) the sequence of cladistic 
events can be reconstructed by arranging monophyletic 
terminal taxa into more comprehensive monophyletic groups 
based on shared characters which are uniquely derived at the 
given level of analysis; 3) the sequence of cladogenetic 
events in a lineage is best expressed by a dichotomous 
branching diagram or cladogram, though this may not be the 
most exact representation of the evolutionary history of;the 
group. 

It has been clear to most taxonomists for some time 
that grouping of organisms based on shared homologous 
structures are most useful. The major contribution of 
Hennig (1966) was recognition that there were two levels of 
homology. There are those homologous structures which are 
uniquely shared by all members of a taxon, and assumed to 
have been first derived in the most recent common ancestor 
of that taxon (apotypies); and there are homologous 
structures which are shared among members of a more 
inclusive taxon (plesiomorphies). De Jong (1980) pointed 
Out that most authors who have used these terms have not 
been very precise and have often used them as Synonyms. In 
this treatment, I have accepted de Jong's use of the terms 
Synapotypy and Roar eae Synapotypy is used to denote 
common possession of a derived condition whether it is of 
monophyletic or polyphyletic origin. Autapotypy is 
resticted to common possession of a derived character state 


of monophyletic origin. 


19293993 ved 6 Ja 


io no lee@saseg noma 


: , ° u - d 
10983868) 893838 iSiperee 
+ cet oD gancoet 6d pap esnees 

VS ‘ - : 

208 7A) ene2 -Leatared. 


aay Setede ne Sane 


Langs 0 Dovel newts 
peeadii = ni 
aatpeLb oats 
'Sh91Q91 J38axere 
rem! esd att 
Neos io On LIquo te” 
‘ s2om ote’ Basa 
tie 


ot Sew (colt h gm 


39944 9968 ated? eee 


SVS8ll. OFig 923 9899% 


“ » 


- 
= 


g Yaylogesis Gas 


igite at 


276 


Dichotomous cleavage of lineages is accepted here as a 
methodological principle. For species-level taxa, this is 
certainly an over-simplification, and is unlikely to 
accurately represent evolutionary events. However, a 
cladogram (sensu Hennig 1966) is only intended to represent 
recency of common ancestry as indicated by distribution of 
Shared derived characteristics. Accurate representation of 
evolutionary patterns such as ancestry and descent or more 
complex cleavages of ancestral species are matters for 
Subsequent analysis (Eldredge and Cracraft 1980). 

Higher level taxa do not evolve by cleavage of 
ancestral species in the same sense that species do. If 
higher level taxa are required to be monophyletic in a 
strict sense (sensu Hennig 1966) rather than in the sense of 
Simpson (1953), a dichotomous branching diagram should in 
principle accurately reflect both nearest common ancestor 
and branching sequence. In practice, though, this sequence 
may be very difficult to resolve. This is not true, 
however, if higher taxa are considered monophyletic in the 
sense of Simpson (1953) or if they are allowed to be 
paraphyletic. In the first instance (strict monophyly) 
ancestor-descendent relationships between higher taxa are 
meaningless since gee would require that some of these taxa 
be paraphyletic, a situation not allowed by definition. In 
the second instance (monophyly sensu Simpson), ancestor- 


descendent relationships between higher taxa are meaningful. 
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This distinction is important since this revision is a 
treatment of higher level taxa. I have here accepted a 


Strict definition of monophyly for higher level taxa. 


4.2.2 Cladistic Relationships 


4.2.2.1 Introduction 

For convenience of discussion I designate informal 
names for the three major lineages of gyrophaenines: the 
"Brachida" lineage, the "Sternotropa" lineage, and the 
"Gyrophaena" lineage. The "Brachida" lineage includes 2 
genera: Probrachida n.gen., and Brachida; the "Sternotropa" 
lineage, 7 genera: Sternotropa, Pseudoligota, Adelarthra, 
Agar icomorpha n.gen., Brachycara, Neobrachida, and 
tentatively Agaricochara; and the "Gyrophaena" lineage, 3 
genera: Gyrophaena, Phanerota and Eumicrota. For reasons 
given below, Encephalus is of uncertain placement and 
therefore not included in these informal groups. 

Relationships of several genera are uncertain. The 
genera Brachida, Adelarthra and Agaricochara can be placed 
in several positions within the cladogram, depending on 
assumptions made about number and types of parallel 
character state evolution within related lineages. 
Therefore, a series of alternative hypotheses about 
cladistic relationships of each of these genera is provided; 
each hypothesis is discussed and evaluated, and, where 


possible, the most parsimonious, based on available data, is 
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chosen. 

Relationships of two genera, Neobrachida and Encephalus 
are so unclear that they cannot be placed on the cladogram 
with confidence. Possiblities are discussed and problems in 
placing them phylogenetically are outlined. However, 
Neobrachida and Encephalus are not included in the cladogram 


in Figure 260. 


4.2.2.2 Relationships of the Subtribe Gyrophaenina within 
the Aleocharinae 

Detailed discussion of the relationships of 
gyrophaenines within the Aleocharinae is seriously 
compromised by incomplete and inadequate knowledge of 
structural, behavioral and ecological diversity of this 
subfamily. Within the context of the present study, little 
can be done to remedy this situation. Detailed surveys of 
Structural characters, particularly of mouthparts, of 
representatives of most major tribes and subtribes of 
aleocharines were undertaken. However, the large number of 
valid higher taxa of aleocharines and great structural 
diversity among them requires that such a survey must be 
quite superficial. 

Several recent studies of groups within the 
Aleocharinae have provided additional background information 
about structural diversity, and I have relied rather heavily 
on these. These include Hammond (1975), Sawada (1970, 


1972), Klimaszewski (1979), and Seevers (1978). 
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The subtribe Gyrophaenina is placed in the tribe 
Bolitocharini by most authors. (For a historical Survey of 
classification of gyrophaenines, see Section 3.3.1.3). 
Traditionally, the tribe Bolitocharini has been comprised of 
those aleocharines with a 4-4-5 tarsal formula. As Such, 
the tribe was very heterogenous and probably polyphyletic. 
Seevers (1978) removed several groups of aleocharines with 
Specialized habits from the Bolitocharini and placed these 
in separate tribes. 

While recognizing that the tribe Bolitocharini will 
almost certainly require additions or deletions as the 
aleocharines become better known, I regard Seevers' (1978) 
as the best available working concept of the tribe. 
Therefore, future reference to the tribe Bolitocharini will 
be the Bolitocharini sensu Seevers (1978). Among the 
aleocharines which Seevers retained in the Bolitocharini, he 
recognized 6 "groups", which appear equivalent to the 
Subtribe category as used in this study. Members of the 
Bolitocharini are all either inhabitants of fresh mushrooms, 
Or subcortical. Although the group still remains rather 
heterogenous, gyrophaenines share a number of 
characteristics with other members of the tribe. These 
include: 1) the Goda Skbar sal formula; 2) small rows of 
minute denticles or teeth on the molar region of the 
mandibles; and 3) similarities in the median lobe of the 
aedeagus (Seevers 1978). In addition to these 


Characteristics mentioned by Seevers, all members of the 
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tribe Bolitocharini (except gyrophaenines, the maxillae of 
which are probably derived from similar structures) have a 
Similar form of the maxilla. General characteristics of the 
bolitocharine maxilla are shown in Figuress96,897eand 2387 
All bolitocharines have a lacinia with an acute tip, a short 
distal comb of more or less loosely scattered teeth, a 
subapical broadly protruded area densely covered with 
spines, teeth and setae, more scattered spines and teeth 
proximally along inner face, and entire inner face more or 
less densely covered with long scattered setae. Obviously, 
if the maxillae of gyrophaenines are derived from Structures 
Similar to these, the amount of modification required is 
extenSive. 

Although these similarities in structure are found 
among members of the Bolitocharini, which of these 
characteristics are actually synapotypies is unknown. All 
Share the 4-4-5 tarsal formula. However, given Seevers' 
interpretation of the tribe Bolitocharini, a number of other 
tribes share this character. The 4-4-5 tarsal formula may 
be a synapotypy linking supratribal taxa. If SOpmitewilivbe 
difficult to distinguish from parallel development of 
Similar conditions. 

The denticle on the molar surface of the mandibles is a 
more promising character. Mandibles of all bolitocharines 
that I have examined have denticles. Furthermore, they are 
lacking from most other aleocharines including members of 


tribes sharing the 4-4-5 tarsal formula with bolitocharines. 
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Seevers (1978) suggested that these denticles on the 
mandibles may be associated with feeding on spores and 
hyphae of fungi. However, it is important to note that such 
denticles are not limited to bolitocharines. Seevers (1978) 
also reported similar denticles on the molar surface of 
members of the tribe Philotermitini, all of which are 
termitophilous. It is possible that this condition of the 
mandibles is independently derived in the philotermitines. 
However, this must be demonstrated, not assumed. In 
addition, a more complete survey of the mouthparts of 
aleocharines may show such mandibular denticles to be more 
widespread. No decision can be made about value of this 
character as a synapotypy for the Bolitocharini at the 
present time. 

Usefulness of similarities in aedeagal structure in 
indicating the monophyletic nature of the Bolitocharini is 
uncertain. Seevers (1978) described the median lobe of 
bolitocharines as having a "difficult to define 
bolitocharine characteristic" (p.161). Such ambiguity seems 
to indicate that one is dealing with an impression of 
general similarity rather than specific aedeagal 
characteristics. There are, however, a suite of 
Characteristics in hich the aedeagi of members of the 
Bolitocharini are more similar to each other than to most 
Other aleocharines. The aedeagus of most members of the 
tribe Bolitocharini has a relatively simple median lobe 


with a oval, rather elongate, depressor plate; a large, more 
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or less tubular flagellum which is Slightly to moderately 
sclerotized in many; and an ejaculatory duct which 

extends the entire length of the flagellum, with the opening 
of the duct near the apex of the flagellum. In addition, 
the median lobe of most bolitocharines lacks complex 
internal structure and extensive eversible membranes armed 
with hooks and spines, as commonly found among aleocharines, 
and many of the aedeagal specializations found in other 
groups, such as the "athetine bridge” (Seevers, 1978) and 
the deep ventro-lateral incision of the basal bulb of the 
aedeagus. It is by no means clear which, if any, of these 
Similarities in the median lobe of members of the 
Bolitocharini are true Synapotypies. It is also important 
to note that if these similarities are part of the "ground 
plan" of the bolitocharine aedeagus, then modifications of 
this basic type has been extensive in some groups. Also, 
the characteristics mentioned above as shared among the 
bolitocharines may also be found in different combinations 
in other groups of aleocharines. Much more comparative 
Study must be done on the detailed structure of the aedeagus 
of aleocharines before this group of characters can be 
evaluated. 

The gyrophaenines do not share similarities in 
maxillary structure with other bolitocharines. For reasons 
discussed more fully below, it is here predicted that the 
highly specialized type of maxilla of gyrophaenines is 


derived from a type similar to that found among other 
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bolitocharines. 

In conclusion, it is apparent that the subtribe 
Gyrophaenina cannot be placed within the tribe Bolitocharini 
based on clearly polarized Synapotypies. This, however, is 
a result of lack of knowledge of apotypic and plesiotypic 
States within the aleocharines rather than an inherent 
ambiguity in affinities of gyrophaenines. For the present, 
at least, affinities of any group of aleocharine must be 
based on "similarity" although it is quite possible to 
hypothesize apotypic conditions for the highly specialized 
States of structures or habits found in some groups of 
aleocharines. The gyrophaenines share more similarities 
with members of the tribe Bolitocharini than with any other 
group. Some of these similarities may be true Synapotypies, 
but this hypothesis must await further Study. = ini addition, 
the gyrophaenines, though highly specialized themselves, 
lack many of the specializations of other groups of 
aleocharines. For example, at present, it would be 
difficult to justify a hypothesis that members of the tribes 
Aleocharini, Palagrini, or Athetini share a most recent 
common ancestor with gyrophaenines. 

A hypothesis which must be considered is that 
gyrophaenines form Ne Sister group to the entire tribe 
Bolitocharini, rather than being included within it. The 
gyrophaenines are certainly highly autapotypic in some 
Characters in relation to other members of the 


Bolitocharini. However, the remainder of the Bolitocharini 
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as a group do not seem to have autapotypies not found in 
gyrophaenines. Elevation of gyrophaenines to tribal rank 
because of their highly specialized habits would make the 
Bolitocharini paraphyletic. While paraphyletic groups can 
be justified, I will argue below that some evidence suggests 
that gyrophaenines share their closest common ancestor with 
members of a subtribe within the Bolitocharini. This 
relationship is best emphasized by ranking the gyrophaenines 


as the subtribe Gyrophaenina within the tribe Bolitocharini. 


4.2.2.3 The Subtribes Bolitocharina and Gyrophaenina as 
Sister Groups 

The subtribe Bolitocharina as considered here is 
essentially equivalent to the group "Bolitocharae" of 
Seevers (1978). I differ with his interpretation of the 
Subtribe in that I question whether Leptusa Kraatz should 
be included. All members of Leptusa have very narrowly 
separated or contiguous middle coxae, and the intercoxal 
Processes are short with a relatively long, narrow isthmus. 
In addition, the median lobe of males of Leptusa is quite 
different from that found in most other bolitocharines. I 
also question Seevers' synonymy of all of Casey's generic 
names within this subtribe with the European Bo] itochara 
Mannerheim. Having seen specimens of all of Casey's genera, 
I agree that they are almost certainly related to 
Bolitochara, but they differ substantially from specimens of 


that genus and among themselves, and at least some of 
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Casey's genera are probably valid. It will take 
considerable study of relationships within the tribe 
Bolitocharini to solve this problem. However, the 
differences in interpretation of the subtribe Bolitocharina 
used here, and Seevers' group "Bolitocharae" (except perhaps 
for the position of Leptusa) does not seriously affect the 
possible hypotheses about relationships. 

Members of both the Bolitocharina and Gyrophaenina have 
Similarities discussed above shared by other members of the 
tribe Bolitocharini. In addition, they are also similar in 
the following characteristics (Figure 151): 1) both have 
middle coxae which are widely divided by processes from the 
meso- and metasternum (very widely divided in all 
gQyrophaenines, presumably secondarily narrowed in many 
bolitocharines); 2) mesosternal process which extends to 
near middle or just posterior to middle of coxae (assumes 
character 36 is correctly polarized for the plesiotypic 
condition for gyrophaenines); 3) a relatively short isthmus 
(absent in gyrophaenines); 4) mouthpart structure 
(particularly maxillae) similar, in that both the 
bolitocharine type and the gyrophaenine type can be derived 
from a common ancestor; and 5) similar patterns of micro- 
and macrosetae. It is probably also important that members 
of both these subtribes are associated with fresh mushrooms 
or fungi. The gyrophaenines are obligatorially mycophilous 
and mycophagous. Less is known about the habits of 


bolitocharines, and their precise relationship to fresh 
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fungi has not been carefully studied. It is apparent from 
mouthpart structure that bolitocharines are not as highly 
specialized as fungus-feeders as are gyrophaenines, but they 
are almost certainly at least facultatively mycophagous. 

Although it is not a logical necessity that the sister 
group of gyrophaenines also be associated with fungi, the 
most recent common ancestor of gyrophaenines and their 
Sister group must have had mycophilous habits. It would, 
therefore, not be suprising if the sister group of 
gyrophaenines was also associated with fresh fungi. In 
mouthpart structure and habits, members of the subtribe 
Bolitocharina satisfy most of the characteristics which 
might be predicted for the plesiotypic sister group of the 
gyrophaenines. 

Again, it is impossible to be certain which of the 
characteristics shared by bolitocharines and gyrophaenines 
are true Synapotypies. However, gyrophaenines do not share 
a Similar suite of characters with any other group of 
aleocharines. 

Mycophily and mycophagy are certainly highly derived 
conditions among aleocharines. However, the mycophilous 
habits of members of these two subtribes may be parallel 
modifications in response to a Similar habitat. While this 
is a possibility, the hypothesis that mycophily in these two 
Subtribes is derived from a common ancestor with 
mycophilous habits can be falsified only by showing that 


either the bolitocharines or the gyrophaenines show at least 
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one well established apotypy with some third group of 
aleocharines not shared by the other subtribe. At the 
Present state of knowledge, no such Synapotypy is known. 

The bolitocharines have become longer, narrower 
insects. (This*is reflected in the less transverse shape of 
the pronotum. Derived states of Characters coy 20 7e 29eand 
30 are an integrated system relating to this narrowing. 
These characteristics are developed in parallel in the 
"Gyrophaena" lineage of Qyrophaenines. In addition, the 
bolitocharines have modified the setose area on Tergum 10 to 
a chevron-shaped area (42 C). 

Most modifications in gyrophaenines have apparently 
been in response to increased mycophagy and involve 
development of the spore brush of the maxilla. These 
modifications of the maxilla include 1) evtneataen of the 
apex of the lacinia (18); 2) increase in number and density 
of teeth on truncated area of lacinia (19); and 3) decrease 
in number of teeth and Spines on inner face of lacinia as 
the manipulative function of the inner face decreases (20). 
Additional modifications within the Gyrophaenina are 


discussed below. 


4.2.2.4 The subtribe Gyrophaenina as a Monophyletic Group 
The hypothesis that members of the subtribe 

Gyrophaenina as considered here constitute a monophyletic 

group is supported by at least two strong synapotypies: 


1) modification of the maxilla as a spore gathering 
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Structure; and 2) presence of a lateral plate on the neck of 
the spermatheca. Modification of the maxilla is an 
integrated complex of characters. In the most plesiotypic 
condition known among gyrophaenines, this complex involves 
modifications of the apex of the lacinia from acute to 
obliquely truncate (18 B), increase in number and density of 
lacinial teeth (19 B), and reduction of number of teeth and 
Spines on the inner face of the lacinia (20 B). Further 
modifications of this structure within the gyrophaenines 
reflect increased specialization for feeding on the hymenium 
layer of mushrooms. 

A lateral plate on the neck of the Spermatheca (44 B) 
characterizes females of all gyrophaenines examined. 
Although the structure of the spermatheca has not been well 
investigated, no similar structure is known to occur in any 
other group of aleocharine. This lateral spermathecal plate 
is almost certainly a uniquely derived character state 
within the gyrophaenines and, as such, provides strong 
evidence that they form a monophyletic group. Structure of 
the maxilla of gyrophaenines is unlike any other known among 
aleocharines. Because all known gyrophaenines are 
obligatory mycophages, it is a reasonable possibility that 
this maxillary structure represents parallel modifications 
for fungus feeding in two or more aleocharine lineages. 
However, two things support the hypothesis that the 
Similarity is a synapotypy. As noted above, the 


modification for spore feeding actually involves a complex 
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of characters., That such a large group of characters would 
be indistinguishably modified in parallel in two or more 
distantly related lineages seems unlikely. Secondly, as far 
as presently known, congruence between maxillary 
modifications and presence of the lateral Spermathecal plate 
in females is universal among gyrophaenines. Therefore, 
mouthpart structure is best interpreted as a uniquely 
derived character within the gyrophaenines. 

The hypothesis that contiguous mesosternal and 
metasternal processes (37 B) is an apotypy for the subtribe 
Gyrophaenina is dependent on the assumption that a slight 
isthmus in members of Agaricochara is secondarily derived. 
This seems reasonable because of the uniformity of the 


derived condition among all other gyrophaenines. 


4.2.2.5 Relationships of Probrachida and Brachida, and the 
"Brachida" Lineage as Sister Group to the Remainder of the 
Gyrophaenines 

While specimens of Probrachida and Brachida have 
apotypic states of many character, they are quite primitive, 
particularily their mouthparts. Specimens of Probrachida 
have the most plesiotypic mouthparts among gyrophaenines. 

These two lineages likely diverged early in phylogeny 
of gyrophaenines, but their exact relationships are 
problematical, because it is difficult to place Brachida. 
Because of the plesiotypic character states retained by 


Probrachida, it is apparent that this group must occupy a 
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basal position in any reconstructed phylogeny of known 
extant gyrophaenines. In contrast, the position of Brachida 
can be reasonably interpreted in two ways. Alternatives are 
depicted in Figures 252 and 253. 

Hypothesis I- In the first hypothesis (Figure 252), 
Probrachida is considered to be the sister GroupEtcrall 
other gyrophaenines including Brachida, and within this 
group Brachida is sister to the remainder. The principal 
assumptions are that loss of teeth from the inner face of 
the lacinia (20 B,) and reduction of medial setae of the 
labium from two to one (25 B,) has occurred only once among 
gyrophaenines. 

Under this hypothesis, the lineage which led to 
Probrachida is characterized by ten apotypic character 
StateS as opposed to hypothetical states of these characters 
in the ancestor of the "Brachida and all other 
gyrophaenines" lineage. These apotypic states include: body 
Setae numerous, dense, uniformly distribued, and long and 
Silky (1 B,); lack of medial microsetae on head (16 B, C) 
(assumes loss of apically bifid mandibles in some Species); 
undivided, broadly rounded ligula (24 C); pronotum without 
bisinuate hind margins (26 B); pronotal shape more or less 
broadly oval or Bibaeadea ee (28 B,, B.): apico-lateral 
margin of elytron not sinuate (32 B.); prosternum without a 
medial ornamentation or transverse carina (34 C,);: 
mesosternal process reaching posterior border of coxa 


(36 B); and spermatheca with an elongate neck proximal to 
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the lateral plate (45 C). In addition, Probrachida retains 
four plesiotypic character states in relation to all other 
Qyrophaenines. These include: antennomere 4 similar to 5-10 
(8 A) (assumes independent derivation of apotypic states of 
this character in some Probrachida): retention of a few 
scattered teeth on inner face of lacinia (20 B,): retention 
of numerous rows of setae on apex of galea (22 A); and two 
medial setae on the labium (25 A). 

Members of the lineage "Brachida and all other 
gyrophaenines" share apotypic states of: antennomere 4 
Similar to 1-3 (8 B); absence of teeth from the inner face 
of lacinia (20 B,); rows of setae on galea fewer than in 
Probrachida but greater than 4 and closely spaced (22 B,): 
and one medial seta on labium (25 B,). 

Within the lineage "Brachida and all other 
gyrophaenines", Brachida is characterized by nine apotypic 
States: long, dense, silky pubescence (1 B); apex of mont 
mandible bifid (16 B); ligula undivided and broadly rounded 
(24 C); hind margin of pronotum not bisinuate (26 B,); 
pronotal shape more or less broadly oval or subquadrate 
(28 B,,°Bs); apico-lateral margin of elytron not sinuate 
(32 B,.); prosternum without medial ornamentation or 
transverse carina (34 C2); mesosternal process reaching to 
posterior border of middle coxae (36 B); and spermatheca 
with neck elongate proximal to the lateral plate (45 C). 
Members of Brachida retain eight plesiotypic states relative 


to all other gyrophaenines. These include: presence of a 


f i ni § 
a = . 


wVs ,woiszbbe ni i ot) ateiqnt rs7KL Ra's 
‘ Lien 


LW 7 BL) y 


i aevete se saa riggtetasiqiao’ 
-eoyioal Se oRT -eeniavadgoye | 


92 INsbasqebty soaraen) (hi 8) i 


oBnadors smos. oto wdostade erm 
a ; ia 

#261 tennf oo d398) betegseaee 
v 


su is "0 @5998..2@ 2voy S007TentRL 
mides st? 10 gage@. {gs 

' 

paomls gas 3c. axetimewaie 


J 
a +; \ Jogs stands “ssninesseom 
7 7 


6 ¢\8 8) €-'1 33 see A 
: 
’ . , Te 
’ > * teed (21, 8°00) peeeeee 
Fy ae. 
i) Je262°9 Jvd, SD COA 
i id 
&S) tevidel @orad@se teibem sid. 


Lo * -eQgaphe? oie nid DR 


264 g49.eb eideank ein 


ocoaq Jo sioven SR 

eas Dots, ate 22057 229L- 96 B30m sgmamae 
f 40 iaaedai~oniga al(ghas 

ot 


134 ‘©: i fea TUGdI Ew Su tod2e 10 ak 
+ a “J a 


_ 
& 


~ 75 ~ me ¢ ch . Fs pe aes 
MENTSO) SHSSO3L LAI S72 kCeOT, 1h eee re 
f P : _ 7 a 
69e8 jae $o@2 ons 71 bé) b® 5% sibtia bo yebred. 
- — : , a a 


‘F 


ad 


(2 €8) s3elq lazeges of¢ fa; Lealvaaq s$eade 
ie 
@*i3el Se" #erter2 eiqyiorasig, dete: rates 


* % S>tons7g ;sduLon! ‘paw? 


Cid 


large number of setae on labrum (in addition to the basic 
POULer owe jm 997A) -/labrals setavA.bitivand Actd2 tdistant from 
lateral edge of labrum (14 4); presence of an internal 
Setose area on each side of midline of labrum (15 A): setae 
on inner face of lacinia numerous and scattered, or few and 
Scattered (21 A, B,); setae on apex of galea numerous, in 
more than 4 rows (22 B,); setae on apex of galea setiform 
(23 A); setae on metepisternum numerous, irregularly 
Scattered (39 A) (assumes independent evolution of apotypic 
States of this character in some Brachida species); and 
Setae on Tergum 10 setiform, unmodified (43 A). 

Hypothesis I is weakened by the requirements of 
parallel development of apotypic states in nine characters 
in Probrachida and Brachida: numerous, dense, long, silky 
microsetae (1 8B); setose area internally on each side of 
midline of labrum (15 B); one or both mandibles apically 
bifid (16 B, C); undivided, broadly rounded ligula (24 C); 
pronotum more or less broadly oval or transverse 
(28 B,, B:.); apico-lateral margin of elytron not sinuate 
(32 B.); prosternum without medial ornamentation or 
transverse carina (34 C,); and mesosternal process extended 
to posterior border of middle coxa (36 B). In addition, 
this hypothesis med that the pair of medial macrosetae 
on the head are independently lost from Probrachida (4 B); 
Some species of Brachida have antennomere 4 similar to 5-10 
(8 A); and some Brachida have independently evolved 


Spatulate setae on the galea (23 B). 
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Hypothesis II— Hypothesis II (Figure 253) considers 
Probrachida and Brachida sister groups, with the two 
together forming the sister group to the remaining extant 
gyrophaenines. The principal assumption of this hypothesis 
is that the broad, undivided ligula is a synapotypy between 
Probrachida and Brachida. Under this hypothesis these 
genera share eight apotypic character states: right mandible 
apically bifid (16 B); (implies that both mandibles bifid 
(16°C) and mandibles not bifid (16 A) are additional derived 
States within Probrachida): undivided, broadly rounded 
ligula (24 C); pronotum more or less broadly oval (28 B,); 
and mesosternal process reaching posterior border of middle 
coxa (36 B). 

Members of this lineage retain nine plesiotypic 
character states not found among other gyrophaenines, 
including: antennal article 4 similar to 5-10 (8 A); large 
number of setae in addition to major rows on labrum (9 A); 
setae A.L.1 and A.L.2 distant form lateral edge of labrum 
(14 A); teeth on inner face of lacinia few and scattered, 
but present (20 B,); setae on inner face of lacinia numerous 
and scattered (21 A); setae on apex of galea in numerous , 
close rows (22 A); setae on apex of galea long, setiform 
(23 A); medial setae of labium two (25 A); setae on 
metepisternum numerous, irregularly scattered (39 A); and 
Setae on Tergum 10 setiform, unmodified (43 A). 

If Probrachida and Brachida form a monophyletic group, 


then parallel evolution of apotypic states of a number of 


istaie ‘pitegs are eoincar| 
‘os3i@ ef paimiot t9d3aa 


_ arid sit .29arie2 190° 
| 


(76g cobty 6hnu .o60td 802 Gaae = 


4 7 


sbi soi tosh Bos sb1 ine 


os aeldidncribae eS 
ieee Gord nidaie wes .: 
ng tond1g «: (8S) tue 
*eono%g lente 3eew one 
«(8 a8) 
*’.P donzteu sensi @fAd 25° @seeeee 
| wt) gon daetaze 19298 


ae > Ji 12 Yoalrvebs ies Be | isoneude) ideally 


> a 


(Fi 3DA 412, oa aa » 
('oI48B Ge, Ban fly Ay 


1edat. no dtead (fe 
‘ Te mS 


263286 -+4 in 6S) iM hen 


ue un Ad geiag To aege no osdek! ROR bexntiaae 
4: ml (me » 35° xe 314 oO @e286 eddy. ti} ‘ =a 
ms ; 


a ae oe 


| aa cP 2s) > w J wiagi io sese8 tet A 4 


Sige t (hu SE) betetsane qivtsivce xt »ayotemaas 


th 62) bel tbe 0 L tee OF, 


Qeoty pizelveqonm « arot epi claene Gas 


? 


io. 300th @ To 664a¢e@ 3): {27036 te 


294 


characters between members of this lineage and other 
Qyrophaenines is required. If antennomere 4 Similar to 5-10 
(9 A) is plesiotypic for this lineage, then modification of 
antennomere 4 to be similar to 1-3 (9 B) must have occurred 
independently in some species of both Probrachida and 
Brachida, and in the ancestor of all other gyrophaenines. 
Teeth on the inner face of the lacinia (20 B,) in members of 
Probrachida suggests that members of the ancestor of 
Probrachida and Brachida must have had this CONGIGIONe melt 
So, loss of these teeth (20 B) must have occurred 
independently in Brachida and the ancestor of all other 
gyrophaenines. If numerous scattered setae on the inner 
Faceloftthe ‘lacinia .(21°A) is plesiotypic for the lineage, 
then reduction in number (21 B) must have occurred 
independently aaeeeric Species of Probrachida, Brachida and 
the ancestor of the remaining gyrophaenines. Similarily 
reduction of number of setae on the inner face of the 
lacinia to a single row must have occurred independently in 
some species of Brachida and a number of other gyrophaenine 
lineages; reduction in number of rows of setae on the galea 
(22 B,, B.) in Probrachida, Brachida and the ancestor of the 
other gyrophaenines; and modification of these setae to 
plate-like sertictiivesRt22 B) in a few species of Brachida 
and the ancestor of the other gyrophaenines. In addition, 
two medial setae on the labium (25 A) of all members of 
Probrachida suggest that the ancestor of Probrachida and 


Brachida must have had this condition. If this is so, then 
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reduction to one such seta occurred in both Brachida and the 
ancestor of all other gyrophaenines. Finally, reduction in 
number of setae on the metepisternum to two irregular rows 
(39 B,) or a single well defined row (39 B,) must have 
occurred in species of Brachida as well as in several other 
lineages. 

Hypothesis II is weakened in particular by the 
requirement of independent evolution of character states 
20 B., 21 B., and 25 B, in at least some species of Brachida 
and the ancestor of the remaining gyrophaenines. However, 
based solely on number of required parallel evolutionary 
modifications, this is 4 more parsimonious hypothesis than 
Hypothesis I. Also, the lineages of both Probrachida and 
Brachida can be derived from an ancestor having a number of 
relatively plesiotypic character states in relation to the 
ancestor of the other gyrophaenines. Presence of some 
Species in both Probrachida and Brachida which have 
plesiotypic character states and others which have apotypic 
States suggests that parallelism, probably in response to 
Similar habit, is common. 

These considerations lead me to accept Hypothesis ia Pe 
given the present state of knowledge. 

The Probrachida-Brach ida lineage is arbitrarily and 
informally designated the "Brachida" lineage. 

Members of the "Brachida" lineage retain a number of 
plesiotypic conditions found in no other gyrophaenines. In 


Particular, the retention of teeth and numerous, scattered 
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setae on the inner face of the lacinia, and numerous rows of 
unmodified, filiform setae on the apex of the galea of 
Probrachida, are the most plesiotypic conditions of 
maxillary structures found in known gyrophaenines. 

Within the "Brachida" lineage, both Probrachida and 
Brachida are hypothesized to be monophyletic lineages based 
On autapotypic states of several characters. Autapotypic 
conditions in Probrachida include: posterior margin of 
Pronotum medially notched (27 B), and neck of spermatheca 
elongated proximal to the lateral plate (45 C). 

Autaptypic states in Brachida include: presence of a 

Single medial seta on the labium (25 B,); absence of teeth 
from inner face of lacinia (20 B,): and neck of Spermatheca 
elongated distal to the lateral plate (45 B). In addition, 
Specimens of each genus have distinctive ground plans for 
the median lobe of the aedaegus. These two basic aedaegal 
types may have been derived from that found in a common 
ancestor. However, the type found in males of Brachida is 
extremely aberrant in relation to that found among other 
Qyrophaenines (see discussion under this genus), and it 
seems unlikely that it would have been derived from an 
ancestral type very similar to that found in males of 
Probrachida. It “oie most reasonable to hypothesize that 
in many characters, males of Probrachida and Brachida are each 


derived in relation to a common ancestor. 
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4.2.2.6 The Remainder of the Gyrophaenina ("Sternotropa" and 
"Gyrophaena" lineages) as a Monophyletic Group 

The group made up of the "Sternotropa" and "Gyrophaena" 
lineages contains most of the species in the subtribe. 
Within the ancestor of these lineages, most of the highly 
derived characteristics typical of adaptation of 
gyrophaenines for an intimate association with fresh 
mushrooms must have developed. 

Ten strong autapotypies support the hypothesis that the 
members of the "Sternotropa" and "Gyrophaena" lineages 
together form a monophyletic group (Figures 253, 254). 
Apotypies in the ancestor of these two lineages are: 
modification of antennal article 4 to be similar to 1-3 
(8 B); reduction of the number of setae on the labium to the 
basic rows (9 B); labral setae A.L.1 and A.L.2 proximal to 
the lateral margins (14 B); absence of teeth on inner face 
of lacinia (20 B,); setae on inner face of lacinia few and 
Scattered (21 B,); setae on apex of galea in 4 well 
Separated rows (22 B,); setae on galea spatulate or 
plate-like (23 B); a single median seta on labium (25 B,); 
setae on metepisternum reduced to two irregular rows 
(29 B,); and setae on Tergum 10 setiform but short and 
stubby (43 B,). | 

Distribution of character states within the 
"Sternotropa" and "Gyrophaena" lineages suggests that the 
common ancestor must have retained states of a number of 


Characters which are plesiotypic for the gyrophaenines as a 
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whole. These include: numerous, more or less short, 
uniformly and densely distributed microsetae (1 A); apex of 
both mandibles simple (16 A); hind margin of pronotum 
markedly bisinuate (26 A); pronotum markedly transverse 

(28 A); lateral borders of pronotum more or less deflexed 
(29 A) so that hypomera are not visible in lateral aspect 
(30 A); apico-lateral borders of elytra markedly sinuate 
(32 A); prosternum markedly transverse (33 A), with a median 
ornamentation (34 A); mesosternum with a carina (35 4); 
meso- and metasternal processes meeting near the middle of 
the mid coxae (36 A) with a smooth well developed suture 
(38 A); and spermatheca simple, without an elongate neck 
(45 A). 

Concordance of apotypic states in mouthpart characters 
(particularly 20 B,, 21 B,, 23 B, and 25 B,) in all species 
of these two lineages is strong evidence for monophyletic 
Origin of the "Sternotropa" and "Gyrophaena" lineages. As 
discussed earlier, because all members of these lineages 
are, as far as is known, obligatorily mycophagous on fresh 
mushroom fruiting bodies, there is the possibility of 
parallel development in mouthpart structure. However, to date 
the known apotypic states of these character are congruent 
among all members. That indistinguishably similar apotypies 
could be derived independently in many characters seems a 
less parsimonious hypothesis than that all were developed in 
the same ancestor. To falsify the hypothesis that these two 


lineages form a monophyletic group would require that 
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Variation be found in the shared apotypies listed above 
(particularly in mouthparts) which would indicate that they 
were developed in parallel. In addition, if new strong 
apotyples are found which are incongruous with apotypic 
States of the mouthpart characters, it would suggest that 
Similarity in mouthpart structure may have evolved in 
response to similar habits rather than derived from a common 


ancestors 


4.2.2.7 The "Sternotropa" lineage 

The "Sternotropa" lineage (Figure 255) is comprised of 
the genera Sternotropa Cam., Pseudoligota Cam., 

Adelarthra Cam., Agaricomorpha n.gen., Brachycara Shp., and 
Neobrachida Cam. In addition, the most parsimonious 
cladistic placement of Agaricochara Kraatz is in this 
lineage. These 7 genera (with the possible exception of 
Agaricochara) appear to have a monophyletic origin. 

The principal assumptions in the hypothesis of a 
monophyletic origin for this group is that the deeply bifid 
ligula has been derived only once in the gyrophaenines. It 
is important that the bifid ligula (24 D,, D., E) is the 
only apotypy shared by all members of the "Sternotropa" 
lineage. Similarity of this structure in members of 
Sternotropa, Pseudoligota, Agaricomorpha ana Brachycara 
provides evidence that the bifid ligula is of monophyletic 
Origin at least in these groups. However, variation in 


detailed structure of the bifid ligula, particularly in the 
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rather robust lobes of the ligula in Specimens of 
Adelarthra, the elongate apically bifid ligula of specimens 
of Neobrachida and the slightly divided ligula of 
Agaricochara species, suggests that bifurcation may have 
occurred more than once among the Qyrophaenines. Also, all 
members of the "Sternotropa" lineage for which natural 
history information is available are inhabitants of woody 
polypores. Therefore the hypothesis that a bifid ligula may 
in some way be associated with living or feeding on 
polypores is a distinct possibility. 

The possibility that the bifid ligula has been derived 
more than once is especially serious because of lack of 
Strong apotypic states of other characters in members of 
this lineage. Additional apotypic states might show 
congruence or discordance with distribution of the bifia 
ligula and would provide a test for hypotheses about the 
monophyletic origin of this character state. 

Members of the "Sternotropa" lineage are all very 
Similar in general body form. However, this similarity is 
best interpreted as the result of symplesiotypy, as 
discussed below. 

Modification of the setal patch on Tergum 10 to an 
inverted-V or foe ioWseia ped patch (or distinct rows) 

(43 C,, C.) in most of the species in this lineage may be 
taken as an additional apotypy for this lineage. However, 
presence of a square setal patch (42 B) in some species 


Suggests that the ancestor of the "Sternotropa" lineage had 
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a square patch. This tendency to form a chevron-shaped 
patch may be an "underlying Synapotypy" (Saether 1979). It 
is impossible to distinguish between true underlying 
Synapotypies (reflecting genetic similarity) and 
parallelisms resulting from strong selection pressure for 
Similar features. The chevron-shaped patch on Tergum 10 has 
been derived so commonly among members of this lineage that 
it is tempting to suggest some underlying genetic similarity 
among these insects. However, it is also important to 
remember that they all appear to live in a similar habitat, 
polypore mushrooms. 

Neobrachida and Adelarthra show variation in structure 
of the bifid ligula, but share apotypic conditions of 
several characters (discussed more fully below) with some 
other members of the "Sternotropa" lineage. This provides 
additional evidence that they are members of this lineage, 
and that the bifid ligula is actually a shared Synapotypy 
among members of this lineage. 

Agaricochara is tentatively placed in this lineage by 
the slightly divided ligula. However, members of this genus 
Share a number of similarities with the "Gyrophaena" 
lineage. Therefore, alternative hypotheses about the 
position of Agar icochara within the cladogram may be 
postulated. These alternatives are discussed more 
completely below, but since the bifid ligula is the only 
apotypy shared by Agaricochara with other members of the 


"Sternotropa" lineage, it provides no additional information 
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about the origin of this character state. 

In spite of problems with this character, because of 
present lack of evidence to the contrary, I accept the 
hypothesis that the bifid ligula is uniquely derived in the 
ancestor of the "Sternotropa" lineage. However, the 
monophyly of this lineage is not Strongly established, and a 
search for additional character states which will support or 
negate this hypothesis is needed. 

The "Sternotropa" lineage is Particularly characterized 
by retention of plesiotypic states of nine characters in 
most species of the lineage. These plesiotypies include: 
base of pronotum markedly bisinuate (26 A); a markedly 
transverse pronotum (28 A); lateral borders of pronotum more 
or less deflexed (29 A) so that the hypomera are not visible 
in lateral view (30 A); apico-lateral borders of elytra 
Markedly sinuate (32 A); prosternum with a medial knob, 
Carina or tubercle (34 4A); mesosternum Carinate (35 A); and 
setae on metepisternum in two irregular rows (39 B) not 
delineated anteriorly or ventrally byia carina (40 A). 

Common retention plesiotypies, in addition to a large 
percentage of the members of the "Sternotropa" lineage being 
small to very small, dark, weakly limuloid beetles, densely 
covered with short Eee oe eae give the members of this 
group a rather uniform appearance. Such Similarity ina 
large number of character states among members of a group, 
all of which appear to occupy a Similar habitat, suggests 


the possibility that these character states are similarities 
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derived in response to a common environmental stimulus, and 
thus are apotypies rather than plesiotypies. However, 
neither in-group nor out-group comparisons support this 
hypothesis (see character analysis above). Until additional 
evidence encourages re-evaluation of character analysis and 
polarities within the gyrophaenines, it seems most 
reasonable to hypothesize that general Similarity in habitus 
among members of the "Sternotropa" lineage is mostly due to 


widespread retention of plesiotypies. 


4.2.2.7.1 Relationships of Agaricochara 

The cladistic relationship of Agaricochara within the 
gyrophaenines is uncertain. As indicated above, two 
hypotheses can be reasonably proposed at the present time. 
The monophyletic lineage which led to Agaricochara may have 
Originated soon after origin of the "Sternotropa" lineage; 
if so, it is the sister group to all remaining members of 
this lineage (Figure 255). Alternatively, it may have 
Originated near the base of the "Gyrophaena" lineage (Figure 
259). Neither of these hypotheses is markedly supported. 
If the hypothesis that Agaricochara is a member of the 
"Sternotropa" lineage is accepted, then it is a highly 
autapotypic member. In particular, in the apotypic states 
of this genus, it shows a great deal of parallelism with 
members of the "Gyrophaena" lineage. Apotypic character 
state present among members of Agaricochara shared in 


parallel with the base of the "Gyrophaena" lineage include: 
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prosternum without a tooth, carina or knob (34 B): and setae 
on metipisternum in a single well defined row (39 Bz). 
Characters shared in parallel with some members of the 
"Gyrophaena" lineage but not found in any other member of 
the "Sternotropa" lineage include: a more or less broadly 
Oval pronotum (28 B,); lateral borders of pronotum not 
markedly deflexed so that hypomera are narrowly visible in 
lateral aspect (30 B,) (shared with a few members of the 
"Sternotropa” lineage); prosternum with a faint transverse 
carina (34 C,); and setose area on metepisternum delimited 
anteriorly and ventrally by a faint carina (40 B). 

Placement of Agaricochara within the "Sternotropa" 
lineage is very tentatively accepted in this Study. Most of 
the apotypic character states that members of Agar icochara 
Share with members of the "Gyrophaena" lineage are either 
reductions or likely to be subject to parallelism (see 
discussion under "Gyrophaena" lineage). However, evidence 
for this conclusion is weak and contradictory, and 
considerable additional study of relationships of members of 
this genus is required to more confidently place it among 
the gyrophaenines. 

The remainder of the "Sternotropa" lineage is 
hypothesized to form A monophyletic group on the basis of 
common possession of a deeply divided ligula (24 D,). The 
elongate apically divided ligula of Neobrachida is probably 
an autapotypic condition within this lineage. This portion 


of the "Sternotropa" lineage is naturally divided into two 
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monophyletic lineages: 1) a lineage including Sternotropa, 
Pseudol igota, Adelarthra and tentatively Neobrachida; and 


2) a lineage including Agaricomorpha and Brachycara. 


4.2.2.7.2 Relationship of Sternotropa, Pseudo] igota and 
Adelarthra 

This grouping of genera (Figure 255) is hypothesized to 
be monophyletic based on the common possession by males of a 
highly autapotypic condition of the median lobe of the 
aedeagus (46). This aedeagus type is characterized by 
Origin of a long filiform flagellum near the basal bulb. In 
most species the flagellum forms a loop proximally around 
the basal bulb and is extended distally in a groove in the 
functionally ventral surface of the aedeagus. This aedeagus 
type is very distinctive and is found in no other group 
within the Gyrophaenina. It appears to be strong evidence 
that this is a monophyletic group. 

In comparison to the sister lineage of the group, the 
ancestor of Sternotropa, Pseudo] igota and Adelarthra must 
have retained several plesiotypic states including: setal 
patch on Tergum 10 square with few setae (42 B); and setae 
on Tergum 10 short and stubby, but setiform, not flattened 
43 uBys). 

Within this lineage, Sternotropa and Pseudo] igota are 
hypothesized to be sister lineages based on common 
possession of the characteristic type of aedeagal median 


lobe described above, and also by autapotypic conditions of 
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the parameres (Character 47). In males of both genera, two 
of the setae of the apical sclerite of the parameres are 
located far towards the base of the sclerite, and are 
disproportionately large (Figures 227, 229). 

Within the lineage Sternotropa-Pseudol igota, 
Sternotropa is hypothesized to be monophyletic based on 
common possession by members of this genus of a distinct 
chevron-shaped setal patch on Tergum 10 (42 C,) (modified to 
form distinct, well developed rows of setae in some Species 
(42 C,), and the subspatulate shape of the setae of 
Tergum 10 (43 B,). Monophyly of Pseudo] igota is supported 
by the absence in all members of this genus of a mesosternal 
carina (35 D); a fused meso-metasternal suture (38 B); and 


slighly impressed abdominal terga (41 B,, B,). 


4.2.2.7.3 Relationships of Adelarthra 

Adelarthra is a highly autapotypic member of this 
monophyletic group of genera, and its relationship to 
Sternotropa and Pseudoligota is uncertain. To properly 
evaluate character state distribution among these genera, 
three hypotheses are considered (Figures 256A-C). 
Hypotheses I and II are dependent on whether a fused suture 
between the meso- and metasternal processes (38 B) is a 
Synapotypy among members of Pseudo! igota and Adelarthra, or 
whether it has evolved in parallel in these two genera. 

Hypothesis I (Figure 256A) is based on the assumption 


that fused meso-metasternal processes have been evolved in 
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parallel in the ancestors of these genera. In this 
Situation, there is no Synapotypy uniquely shared by members 
of any pair of genera. Postulation of an unresolved 
trichotomy is unavoidable. In hypothesis II (Figure 256B) 
it is assumed that the presence of a fused meso-metasternal 
process iS a synapotypy between members of Pseudol igota and 
Adelarthra, with these two genera as the sister group to 
Sternotropa. The sister group relationship between 
Pseudoligota and Adelarthra is, however, very inadequately 
Supported by this character state (38 B) because of the 
possibility of indistinguishable parallel development of the 
apotypic state. In this regard, it is important to note 
that members of a number of species of Sternotropa have 
independently evolved the fused condition, suggesting that 
parallelism in this Sheree is common. 

If, however, structure and position of the setae on the 
apical sclerite of the parameres of males of Pseudo] igota 
and Sternotropa, as described above, is considered uniquely 
characteristic in members of these genera, then Hypothesis I 
is transformed into Hypothesis III. Hypothesis III (Figure 
256C) states that Adelarthra is the sister group to 
Pseudoligota plus Sternotropa. This hypothesis is no more 
parsimonious than Hy pOLnesta II based on number of shared 
apotypic characters, but Hypothesis III is more likely to be 
correct because the apotypic condition of the parameres 
Shared by males of Sternotropa and Pseudoligota is less 


likely to have been derived in parallel than is the fused 


a 


ie. o 4 
Pi. 
fr ~ 
* 
P'» . ~ 
e¢ ie 
® 


i@ Ne, SDK Jedd 2eneee 


2.29908 srit-az fobteres 
‘a “ah ai eteds ob teued 
citalyteos _exeaep 30 2faq. ita a 


we 


‘Jsbrovenu 26 Yuosongkgeu 
ml tald Bewunmes ah ae 


S4wvwiad * iiey veo er Ok 36.0 20 
veeds.dliw ,e\ij3esee } 


AL.32ef0n 
7 7 
* 
— 
= Ns 
‘Cre IG 6 | 
~&? f ) A< 


a \¢t cs+ cree" edd’ of eee 


P ane pte. saverod: 3F 


. A 
> Be “st? 30 et itveise 
#465 28 SIO 
$m @tys 149790 faz ofta 


fr 
cORn 


= f ” Soo auilq 6 ont! 


— 


i cool rT Sagee att aoe ti 


$4 Soqyal due Piatsetnee, 


oe i 


ay +e af? gu 


308 


State of the intercoxal processes shared by Pseudo] igota and 
Adelarthra. Therefore, I tentatively accept Hypothesis III 
as presently the most likely of the possible cladistic 
relationships between Adelarthra, Sternotropa and 

Pseudo! igota. 

Adelarthra is highly autapotypic in six characters when 
compared to members of its sister lineage. These 
autapotypies include: loss of most body microsetae (1 C,); 
macrosetae on pronotum, elytra and abdomen extremely large 
(2 B.); sculpture absent, body intregument smooth (3 B,); 
lateral margins of pronotum very markedly deflexed (28 Gu); 
and setae on metepisternum very few, restricted to posterior 


eeirce(39 eC}: 


4.2.2.7.4 Relationships of Neobrachida 

The cladistic relationships of Neobrachida are the most 
inadequately understood of any known group within the _ 
"Sternotropa" lineage. This is, in large part, a result of 
the fact that no specimens of this genus are available for 
detailed examination, and no males are known. Therefore, 
Structure of the mouthparts is virtually unknown, and 
nothing is known of the aedeagus or spermatheca. The 
hypothesis presented in Figure 257 is based on the 
assumption that the chevron-shaped setal patch on Tergum 10 
(42 C,) and flattened, subspatulate setae on this sclerite 
(43 B,) are shared derived characters between Neobrachida 


and Sternotropa. However, this relationship is very weakly 
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founded. Since neither aedeagus nor spermatheca are known, 
it is not known whether members of Neobrachida share the 
unique aedeagus type (Character 46) of Sternotropa and 
related genera. Therefore, Neobrachida may not be related 
to this group of genera. In addition, structure of the 
ligula in Neobrachida is quite aberrant in relation to other 
members of the "Sternotropa" lineage. 

Alternative placements of this genus include: 
1) Neobrachida as sister group to Sternotropa plus 
Pseudoligota, implying independent derivation of the 
chevron-shaped setal patch (42 C,) and subspatulate setae 
(43 B,) in Sternotropa and Neobrachida; and 2) Neobrachida 
as the sister group to Sternotropa plus Pseudo] igota plus 
Adelarthra, implying the. same parallel developments. 
Neither of these placements can eee be supported by 
shared apotypic character states. 

Little more can be done with the cladistic 


relationships of Neobrachida at present. 


4.2.2.7.5 Relationships of Agaricomorpha and Brachycara 
This pair of genera is hypothesized to form a 
monophyletic group (Figure 255). on the basis of two shared 
character states: setal patch on Tergum 10 chevron-shaped 
(42 C,); and setae on Tergum 10 subspatulate (43 B,). The 
uniform distribution of apotypic states of thse two 
characters among members of Agaricomorpha and Brachycara 


contrasts with plesiotypic states of these same characters 
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in many species of the Sternotropa-Pseudol igota-Adelarthra 
group of genera. This indicates that the ancestor of 
Sternotropa and related lineages must have had the 
plesiotypic state of these characters, while the ancestor of 
Agaricomorpha and Brachycara must have had the apotypic 
State. This supports the hypothesis that these two groups 
of genera are sister groups. 

Only a single autapotypy supports the hypothesis that 
Agaricomorpha is monophyletic and has a sister-group 
relationship with Brachycara. In males of all members of 
Agaricomorpha examined, the apical lobe of the median lobe 
of the aedeagus is displaced laterally (Figure 215), not 
otherwise known among the gyrophaenines. It is, therefore, 
hypothesized to be uniquely derived within this lineage. In 
Other characters, Agaricomorpha is markedly plesiotypic in 
relation to Brachycara. If additional study should indicate 
that the aedeagus type described above is plesiotypic rather 
than apotypic, or, if it has been derived within some 
lineage of Agaricomorpha rather than in its common ancestor, 
then Agaricomorpha would have to be considered paraphyletic 
in relation to Brachida. 

In constast, members of Brachycara are markedly 
autapotypic and the Spee of this lineage is well 
Supported by seven apotypic features: microsetae short, more 
Or less reduced, body subglabrous (1 C,); integumental 
Sculpture absent, body uniformly smooth (3 B,); lateral 


borders of pronotum very markedly deflexed (29 C,); 
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mesosternal carina reduced (35 B) or modified to a low ridge 
S50G) + abdominal terga weakly impressed (41 B,); and setal 
patch on Tergum 10 in distinct chevron-shaped rows (42 C,). 
The possible hypothesis that members of this genus may be 
only a highly autoapotypic lineage of Agaricomorpha cannot 
be conclusively rejected because of lack of clear knowledge 
of polarity in aedeagal characters. However, the median 
lobe of males of Brachycara does not have the laterally 
displaced apical lobe characteristic of males of 
Agaricomorpha. This suggests that the ancestor of both 
groups had a more generalized aedeagus than that found in 
Agaricomorpha, and supports the hypothesis that these are 


Sister groups. 


4.2.2.8 The "Gyrophaena" lineage 

The "Gyrophaena" lineage is comprised of three genera: 
Phanerota Csy., Eumicrota Csy., and Gyrophaena Mann. 
(Figure 258). Structural evidence supports the hypothesis 
that these three genera have a monophyletic Onrgin., In 
addition, some evidence suggests that Agaricochara may be a 
member of this group. However, as discussed above, 
Agaricochara may also be interpreted to be a member of the 
"Sternotropa" lineage.. 

No single strong apotypy supports the hypothesis that 
the "Gyrophaena" lineage forms a monophyletic group. 
Instead, there are a number of moderately useful to 


relatively weak derived character states shared in 
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concordance by members of this lineage. Most important 
among these hypothesized apotypies is the undivided, 
protruded ligula (24 B) characteristic of all members of the 
lineage. If this is actually a derived condition of the 
ligula among gyrophaenines, then it offers strong support 
that these genera have a monophyletic origin. However, as 
discussed in the character analysis (Section Ae cue eens 
character state may also be interpreted as most similar to 
the character state from which the ligula type of other 
gyrophaenines was derived. If so, then common possession of 
this character state would provide no evidence about 
cladistic relationships. As indicated in the character 
analysis, at present the simple protruded ligula is not 
easily interpreted as an apotypic condition within the 
gyrophaenines. Nevertheless, even if this character state 
is interpreted as plesiotypic within gyrophaenines, it does 
not seriously affect the hypothesis that the "Gyrophaena" 
lineage is monophyletic. 

Other apotypic character states shared by members of 
the "Gyrophaena" lineage in contrast to the "Sternotropa" 
lineage include: setae on the inner face of lacinia ina 
Single well differentiated row (21 B,); prosternum without a 
medial ornamentation (34 B,.); mesosternum without a medial 
Carina (35 D); setae on metepisternum in a single well 
differentiated row (39 B,); and setae on Tergum 10 flattened 


and more or less subspatulate. 
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In comparison to the "Sternotropa" lineage, members of 
the "Gyrophaena" lineage form a very diverse assemblage. 
The distribution of hypothesized plesiotypic conditions 
among members of this lineage suggest that the ancestor of 
the "Gyrophaena" lineage must have retained the following 
plesiotypic conditions.: microsetae numerous, more or less 
Short, densely and uniformly arranged (1 A); uniformly 
reticulate sculpture (3 A); hind margin of pronotum markedly 
Sinuate (26 A); pronotum transverse (28 A); lateral borders 
of pronotum more or less deflexed (29 A) so that hypomera 
not or only narrowly visible in lateral aspect (30 B,, B,); 
elytron markedly sinuate (32 A); markedly transverse 
prosternum (33 A); meso- and metasternal processes of 
Similar length, meeting near the middle of the midcoxae 
(36 A); and the setal patch of Tergum 10 more or less Square 
with numerous setae (42 A). In addition, given the 
remarkable diversity of basic aedeagal forms within the 
"Gyrophaena" lineage, the ancestor must have had a 
relatively plesiotypic aedeagus. At present, great 
diversity of aedeagal form precludes reconstruction of 


important features of the ancestral type. 
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4.2.2.8.1 Relationship of Agaricochara within the 
"Gyrophaena" lineage 

If the slightly divided bifid ligula of specimens of 
Agaricochara is hypothesized to have been derived 
independently from the similar state in members of the 
"Sternotropa" lineage, then Agaricochara shares several 
apotypic conditions with members of the "Gyrophaena" 
lineage. These apotypies include: prosternum without medial 
Ornamentation (34 B); mesosternum without a carina (35 B); 
and metepisternum with setae in a single, well 
differentiated row (39 B,). Multiple origin of these 
character states in a number of well established lineages 
indicates that parallelism in these characters is common. 
At present, it seems most reasonable to assume that the 
bifid ligula is a uniquely derived character state within 
the gyrophaenines. Character states shared by members of 
Agaricochara and the "Gyrophaena" lineage would then be 


parallelisms (Figure 259). 


4.2.2.8.2 Relationships among Eumicrota, Phanerota and 
Gyrophaena 
Among these genera, Eumicrota is hypothesized to be the 
Sister group to Phanerota plus Gyrophaena (Figure 258). The 
hypothesis that the members of Eumicrota form a monophyletic 
group is supported by presence in all members of the genus 
of two unique apotypies. The setal patch on Tergum 10 is 


modified to a distinct V-shaped patch (42 D). This state is 
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unknown in other gyrophaenines. Also, to my knowledge, it 
has not been reported among other aleocharines. In complete 
concordance with this character state is the fact that males 
of Eumicrota have a very distinctive aedeagal form, 
characterized by: a long, slender, often coiled flagellum; 
an elongate, slender apical process, often with a terminal 
knob or angulation; and a small basal bulb with a small, 
Oval depressor plate placed far back on the proximo-ventral 
surface (Figure 197). This basic form is not. obscured by 
interspecific variation. 

This group of small to very small, dark beetles retains 
a number of character states which are plesiotypic for the 
"Gyrophaena" lineage. These include: numerous, more or less 
Short and densely arranged microsetae (1 A); very small 
macrosetae (2 A); hind margin of pronotum markedly bisinuate 
(26 A); pronotum markedly transverse (28 A); and 
apico-lateral angles of elytra markedly sinuate (32 A). 

The monophyly of the Phanerota-Gyrophaena lineage is 
weakly supported by several character states: macrosetae 
large, eaSily distinguished from microsetae (2 B,): hind 
margin of pronotum at most weakly bisinuate (26 B,); and 
apico-lateral margins of elytra weakly bisinuate (32 B,). 
Within this pair of generar Phanerota is highly autapotypic. 
Autapotypic character states found in members of Phanerota 
include: body setae small, reduced in number, body 
subglabrous to more or less glabrous (1 C,, C.); eyes 


extremely large (7 B); pronotal hind margin not at all 
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Sinuate (26 B,); spermatheca with neck elongated proximal to 
lateral plate (45 C); and a distinctive aedeagal form 
(Figure 195, 196), showing little variation among species 
(Character 46). There seems little doubt that Phanerota is 
a monophyletic assemblage. 

There are no known uniquely derived character states 
shared by all members of the genus Gyrophaena to indicate 
that it is monophyletic relative to Phanerota. Therefore, 
at present, Gyrophaena must be considered paraphyletic in 
relation to Phanerota. This lack of unique apotypies may be 
a result of the extreme heterogeneity among the species now 
included in the genus. Diversity of body form within 
Gyrophaena is as great as the total range found among all 
other members of the Gyrophaenina. Within Gyrophaena are 
found species whose members are markedly plesiotypic in most 
Characters, to those which are markedly aApOt yore. moti tt, 
many monophyletic lineages can be recognized within 
Gyrophaena. Some of these may deserve generic status. 
However, revision of the generic status of Gyrophaena will 
require a phylogenetic study of the world fauna. This is a 
task of monumental difficulty in a group as diverse and 
inadequately known as Gyrophaena. 

I retain Phanerota as a distinct genus for two reasons, 
even though it makes Gyrophaena as presently defined 
paraphyletic. First, I believe that additional study of 
Gyrophaeéna will result in it being divided into several 


monophyletic genera, one of which will probably be the 
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Sister group to Phanerota. secondly, retaining Gyrophaena 
as a paraphyletic group graphically illustrates the need for 


Study of this group at the world level. 


4.2.2.9 Uncertain placement: Encephalus 

The cladistic relationships of Encephalus cannot be 
determined at this time. Members of Encephalus are highly 
autapotypic. They share with members of the "Brachida" 
lineage a markedly robust body form, long mesosternal 
process (B), broadly rounded ligula (C), and, apparently, 
Slimilar habits (see Section 3.1.2.2). However, they share 
with members of the "Gyrophaena" lineage a single medial 
seta on the labium (8,), structure of the maxilla 
(particularly, a single distinct row of setae on inner face 
of lacinia and four distinct rows of flattened setae on apex 
of galea), and glabrous body integuments (C,). In addition, 
the aedeagus, especially the median lobe, is very Similar to 
that of members of the Gyrophaena nana species group of 
Seevers (1951), as are the secondary sexual characeristics 
of males. Which of these similarities are parallelisms 
cannot be presently ascertained. 

As discussed in Section 3.3.3.4, the New Zealand 
Species of Encephalus may not be closely related to the 
Holarctic species, and perhaps should be placed in a 
separate genus. The elongate, entire ligula, prosternum 
with a distinct transverse carina, and maxillary structure, 


Suggest these may be members of the "Gyrophaena" lineage. 
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5. Evolutionary Trends 


5.1 Introduction and Methods 

A wide variety of staphylinids visit fresh mushrooms, 
and are commonly collected there in great abundance and 
diversity. However, most mushroom visitors appear to be 
predaceous on other arthropods which occur there. Most, 
indeed, are attracted to a mushroom after it begins to 
decay. Some of these staphylinids may be truly mycophagous, 
and others may feed on the fungus facultatively. However, 
except for members of the few groups mentioned below, this 
has not been conclusively shown. 

Among those staphylinids commonly found on mushrooms, 
gyrophaenines are unusual in that both larvae and adults are 
exclusively mycophagous. Since most staphylinids are 
predaceous, obligate mycophagy is a relatively rare, and 
apparently highly derived, habit within this family. 

Because of lack of knowledge of habits of most Staphylinids, 
it is not known how many times obligate mycophagy has been 
independently derived. However, at present, I know of only 
two lineages of staphylinids conclusively known to be 
obligate fungus feeders in both larval and adult stages. 

The first of these are members of the subfamily Oxyporinae. 
All of these are included in a single genus, Oxyporus Fab., 
of world-wide distribution. Members of this genus are 


large, colorful beetles as adults, and both larvae and 
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adults burrow into and feed on the flesh and gill tissue of 
fleshy mushrooms (Campbell 1969, and personal observations). 

The other known lineage of mycophagous staphylinids is 
the Gyrophaenina. The members of this subtribe are 
additionally unusual among fungivorous insects in that they 
are adapted to feed exclusively on the spore producing layer 
(the hymenium) of fresh mushrooms. This is a very important 
aspect of the relationship of gyrophaenines to mushrooms. 
There are a great many insects which feed on the flesh of 
fresh mushrooms, but most of these feed by burrowing into 
the flesh of the gills, stem or cap. Populations of insects 
feeding within the flesh are often very high, and both 
intra- and interspecific competition must often be quite 
intense in this habitat. Adaptation to feed excluSively on 
the hymenium allows gyrophaenines to use a Spatial and 
nutritional resource within the mushroom habitat not 
extensively used by other mushroom inhabiting insects. 
Thus, gyrophaenines avoid many of the direct interspecific 
competitive interactions common within the mushroom habitat. 
Indirect competition with other mushroom inhabitants still 
occurs, Since any of the activities of these other organisms 
which influences productivity of the hymenium in turn 
affects gyrophaenines (see Sécoron 3 imassr Lor a more 
detailed discussion of this). 

This characteristic feeding habit of gyrophaenines 
combined with the unique characteristics of mushrooms as 


habitats have apparently provided opportunities for 
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extensive radiation within the lineage, resulting in a group 
of great world-wide diversity. However, the radiation of 
gyrophaenines has produced some oddly disjunct evolutionary 
patterns, particularly in distribution of gyrophaenines 
among various mushroom groups. 

In this chapter, I examine, in a very general way, 
evolution of the more important structural features which 
allow gyrophaenines to use the mushroom habitat in this 
unusual way. Then, by considering some of the more obvious 
general patterns of distribution of gyrophaenines within 
mushroom groups, I form generalizations and hypotheses about 
how these relationships between gyrophaenines and fresh 
mushrooms may have evolved. 

To keep perspective, it is important to remember that 
life history and habits, host velar tonsnines and systematics 
of gyrophaenines are incompletely known. Any 
generalizations made in this section are considered 
provisional and may require modification with additional 
study. The intent here is to develop initial hypotheses 
which provide a framework for formulation of specific 
questions about the evolution of gyrophaenines. 

The basic method for inferring evolutionary pathways of 
diversification has been discussed by Anderson (1979). 
Fundamental to this approach is the method of phylogenetic 
Systematics (Hennig 1965, 1966; Ross 1974 and others), which 
allows hypotheses to be formed about phylogenetic 


relationships without requiring assumptions about specific 
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evolutionary processes. Each monophyletic lineage is 
therefore a "natural" group in that it has a unique history. 
Such a system of relationships provides a base for making 
hypotheses about evolutionary diversification in Structiral, 
functional, ecological and other characteristics. 

Anderson (1979) outlined the steps in deciphering 
"pathways of evolutionary divergence". These need not be 
repeated in detail here. The basis is that monophyletic 
terminal taxa are arranged in increasingly more 
comprehensive monophyletic groups on the basis of shared 
uniquely derived characters (Synapomorphies). Results are 
depicted on a cladogram. Then additional data (ecological, 
Structural, behavioral, etc.) are overlaid on the cladistic 
relationships and hypotheses developed about the 
evolutionary processes involved in diversification of the 
group. This method is used here to develop hypotheses about 
evolution of mouthpart structure and diversification of 
gyrophaenines in major host groups of mushrooms. 

Detailed discussion of the phylogenetic analysis of the 
genera of gyrophaenines is presented in Section 4.2.2. The 
most parsimonious hypothesis of these cladistic 
relationships presently available is summarized in 
Figure 260. Two peneces Encephalus Kraatz and 
Neobrachida Cameron, are of uncertain placement and are not 
included in the cladogram. 

Major features of this cladogram of importance in 


Subsequent analysis include: 
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the hypothesis that members of the subtribe 
Bolitocharina (= Group Bolitocharae of Seevers, 1978) 
form the sister group to the Gyrophaenina;: 

members of the Gyrophaenina form a monophyletic lineage; 
within Gyrophaenina, three major lineages can be 
recognized, arbitrarily and informally designated the 
"Brachida" lineage, the "Sternotropa" lineage and the 


"Gyrophaena" lineage. 
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5.2 Mushrooms as Habitats 


wees) 10troduction 

Since gyrophaenines are obligatory inhabitants of fresh 
mushrooms, an understanding of general features of the 
mushroom habitat and the insects which occupy such a habitat 
is essential to unravelling major features of the evolution 
of gyrophaenines. 

Much of the information about insects associated with 
fungi and most generalizations about characteristics of the 
mushroom habitat are derived from investigations on 
fungicolous Coleoptera (e.g., Benick 1952; Donisthorpe 1935, 
1939; Lawrence 1973; Minch 1952: Paviour-Smith 1959, 1960, 
1965,1969; Rhefous 1955; Scheerpeltz and Hoéfler 1948; Weiss 
1920a, 1920b, 1920c; Weiss and West 1920, 1921). Additional 
information is available from studies of fungicolous Diptera 
(Buxton 1960), and from faunistic studies of individual 
lignicolous fungi. For example, insects associated with 
Pitoporus betulinus (Bull. ex Fr.) Karst. have been studied 
by Paviour-Smith (1960), Pielou (1966), and Pielou and Verna 
(1968); Fomes formentarius (Linn. ex Fr.) Kickx. by 
Matthewman and Pielou (1971) and Pielou and Matthewman 
(1966); and various woody bracket fungi by Graves (1960). 
Other natural history studies of individual 
mushroom-inhabiting insects such as those of Bol itotherus 
cornutus (Heatwohle and Heatwohle 1968; Liles 1956: Pace 


1967) and Tetratoma fungorum F. (Paviour-Smith 1964, 1965) 
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provide additional information. 

Elton and Miller (1954) grouped the fungus habitat into 
their "General System" with other small decomposing 
habitats, which included dying and decaying wood, carrion, 
dung, animal and small human artifacts, and slime molds. 
Elton (1966) noted that fungi form concentrated habitats 
which are ephemeral and interspersed within major habitats. 
He divided the resources available in fungi into spores, 
living fungus tissue, hard bracket fungi, and soft decaying 
fungi. He also pointed out that for analysis, whether the 
insects found on fungi were fungus feeders, wood borers, 
bark feeders, parasites, or accidental visitors, must be 
distinguished. 

Scheerpeltz and Hofler (1948) recognized that, as 
habitats, fungi could be conveniently divided into hara@ 
forms on wood, soft forms on wood, and soft forms on the 
ground. They further divided soft fungi on the ground into 
five stages according to the state of development or 
decomposition. They suggested that as fungi pass through 
these successional stages, they alter as habitats for 
insects. 

Paviour-Smith (1959, 1965) extended and modified 
Scheerpeltz and Hofler's stages to include stages in growth 
and decomposition of lignicolous fungi. Additionally, she 
discussed the importance of the consistency of a fruiting 
body both when alive and upon decomposition and desiccation 


after death, as factors which may affect Suitability as a 
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breeding site for insects. 

Hingley (1971), in studies of Daldina concentrica 
(Bolt s-ex Fr.) Ces. & Not., found that succession begins 
with a more host specific fauna and continues with more 
generalized fungus feeders and predators as the habitat 
characters of the mushroom change with age. In later 
Stages, insects typically associated with fungl were 
replaced by those more typical of decaying wood. 

Major fruitings of fungi may occur throughout the 
Spring, Summer or autumn, with particularly large fruitings 
after heavy rains in late summer and early autumn. After 
the fruiting body is fully developed, fertile Spores from 
the hymenium are released. Following spore release, most 
soft fungi decay as a result of the action of bacteria and 
microfungi. Many polypores persist and produce additional 
releases of spores, often in response to wet weather. 

The mode and rate of decomposition of mushrooms is 
dependent both on hardness ("woodiness") and location. Most 
ground fungi are in a humid microclimate and therefore 
deliquesce rapidly on decay. Rate of decomposition is 
dependent on a number of factors, including specific 
mushroom involved, temperature and humidity, and rainfall. 
Decay may be ddcele uated by burrowing and feeding activities 
of fungivorous Diptera and other arthropods. Also, exposure 
and trauma to inner tissues of the mushroom due to 
mechanical injury by slugs, birds or small mammals may speed 


decomposition. Most lignicolous fungi contain binding 
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hyphae, and sometimes skeletal hyphae, and are therefore of 
tougher consistency than ground fungi. Most sporophores are 
also raised off the ground and are continually exposed to 
air currents. As a result, most fruiting bodies desiccate 
with age, and, upon death, become shrivelled or friable in 
texture. However, if such lignicolous fungi fall to the 
ground or become sodden, they decompose at a rate and ina 
mode similar to that of ground fungi. 

Rate and mode of decomposition of different mushrooms 
are of importance to gyrophaenines, since they*can® inhabit 


only fresh mushrooms. 


5.2.2 General Characteristics of Mushrooms as Habitats 
The mushroom habitat is actually a range of 
microhabitats dispersed within a more inclusive habitat, 
which have a number of similar characteristics to which any 
group of animals using them must respond. In general, 
mushrooms are: 
1. ephemeral (many highly so) 
2. unpredictable in time and space 
3. extremely heterogeneous in physical and chemical 
characteristics. 
Pretsecdifficult#to nink of another set of habitats having 
this particular combination of characteristics. In 
Particular, extreme chemical and physical heterogeneity 
found among mushrooms makes them unusual as temporary 


habitats. 
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Overlaid on these general characteristics are Specific 
differences resulting from different rates and modes of 
decay, hardness, physical and chemical characteristics, 
seasonality, microdistribution, and abundance of members of 


individual mushroom species. 


9.2.3 Requirements for Use of the Mushroom Habitat 

As discussed in relation to the life cycle of 
gyrophaenines in Section 3.1.2.2.2.8, many of the structural 
and natural history features of gyrophaenines are a response 
to unique features of the mushroom as a habitat. 
Exploitation of habitats with the general characteristics of 
mushrooms requires that gyrophaenines have unusual 
Specializations. First, gyrophaenines must be able to 
determine when mushrooms are or are likely to be present in 
the general vicinity. This could present a problem, since 
gyrophaenines appear to become relatively inactive when 
mushrooms are rare (see Section 3.1.2). Inability to 
predict location and time of occurrence of individual 
mushrooms is important in this respect. While it may be 
possible for members of a gyrophaenine species to be adapted 
to become active when mushrooms are most likely to be 
Present (e.g., after rains at certain times of the year) or 
restrict their activities to areas in which they are most 
likely to encounter mushrooms (certain microhabitats within 
a forest), it seems unlikely that they are able to adapt to 


Predict location and time of occurrence of individual 
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fruiting bodies or mushrooms of a Particular species. For 
perspective, it is important to remember that for an animal 
the size of a gyrophaenine, distance between suitable 
mushrooms may be relatively very long even when mushrooms 
are common. 

Associated with the general unpredictable 
characteristics of individual species or Fruiting bodies is 
the requirement that gyrophaenines detect that mushrooms are 
available for colonization and distinguish suitable from 
unsuitable mushrooms quickly. It is important to emphasize 
that as far as is known, gyrophaenines must feed, mate, lay 
eggs, and larvae must mature on an individual fruiting body 
before it decays. 

The extreme chemical and physical heterogeneity of 
mushrooms is a very important contraint on gyrophaenines. 
Because of the general unpredictability of mushrooms, it 
would be ideal if members of a gyrophaenine species could 
use any mushroom encountered. However, it seems unlikely 
that members of any single gyrophaenine species could have 
the necessary range of physiological and structural 
adaptations which would allow efficient use of every 
mushroom encountered. Therefore, it seems more likely that 
only a very limited subset of available mushrooms are 
Suitable for habitation by members on any particular 
gyrophaenine species. This substantially increases the 
difficulty for individual gyrophaenines in finding a 


Suitable host. 
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Additionally, since numbers of individual mushroom 
species and diversity and species composition of the 
mushroom flora may vary seasonally, yearly or 
geographically, gyrophaenines must have some adaptive means 
of maintaining themselves whenever suitable fungi are not 
available. 

Finally, of major importance is the physical and 
physiological ability to harvest the nutritional resources 
of the mushroom habitat while at the same time avoiding or 
overcoming competition with other organisms which are 


involved in similar activities. 
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5.3 Adaptations to the Mushroom Habitat 


9.3.1 Morphological Adaptations 


5.3.1.1 Adaptations for Resource Use 

While association of gyrophaenines and fresh mushrooms 
is highly developed, gyrophaenines are not substantially 
different in body form and habitus from aleocharines with 
less specialized habits (but see Section 5.3.1.2 below). 

The principal structural adaptations of gyrophaenines to 
mushrooms involve modifications of the mouthparts. 

In particular, the maxilla appears to be the main 

feeding structure, and is highly modified for eating the 
hymenium layer of fresh mushrooms. This may be the key 
Structural adaptation of gyrophaenines, since it allows them 
to use the mushroom habitat in a very unusual way and 
Subsequently affects other characteristics of the beetle- 
mushroom association. 

Characteristics of the adult maxilla are illustrated in 
Figures 73, 235 and others. (Here I describe only the adult 
Structure. Structure of the maxillae of larval 
gyrophaenines parallels that of adults in both structural 
and functional characteristics to a remarkable degree. This 
is discussed in more detail below.) The general features of 
the gyrophaenine maxilla illustrated by Figure 73 include 
the following: 


1. Apex of the lacinia is truncate, with a well 
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differentiated patch of small, densely arranged teeth or 
spines, which I refer to as the "spore brush". 

2. Inner face of the lacinia lacks teeth or spines. 

3. Setae on the inner face of the lacinia are ina Single, 
well defined row. 

4. Setae on the apex of the galea are in four well 
separated rows. 

In addition, the galeal setae are modified to Subspatulate 

Or plate-like structures (Figure 235). 

Gyrophaenines feed by "grazing" maturing spores, 
basidia, cystidea and hyphae from the hymenium layer. This 
is apparently primarily accomplished by scraping the 
hymenium surface with the spore brush. The galeal setae 
form a cap over the apex of the lacinial spore brush and may 
prevent loss of material removed from the hymenium. 

The function of the mandibles in feeding is unclear. 
Gyrophaenine mandibles are not highly modified to eat fungus 
in relation to those of less specialized aleocharines. 
However, they may function to remove food from the spore 
brush, form it into a bolus, and/or grind food. 

It is possible to arrange known maxillary forms of 
gyrophaenines and closely related bolitocharines into a 
transformation series, as shown in Figure 261. 
Transformation in a number of different character systems 
can be seen. These include: 

1. Modification of the apex of the lacinia from more or 


less acute to obliquely truncate. Associated with this 
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1s modification of the teeth on the apex of the lacinia 
from a loosely organized patch, weakly differentiated 
from spines and setae on the internal face of the 
lacinia to a distinct, well organized patch of small, 
closely spaced teeth (A+B); 

2. Progressive loss of teeth from the inner face of the 
lacinia (A+B>C). 

3. Reduction in setae on inner face of lacinia toa Single 
row (A+B+C3D). 

4, Reduction in number of rows of setae on galea from 
numerous, closely spaced rows to four well separated 
rows (A+B>C). 

9. Modification of galeal setae from filiform to 
subspatulate or plate-like (A+B-C). 

These modifications probably reflect increasing 
reliance on hymenium scraping as a feeding mechanism. 
Associated with this seems to be progressive loss of 
manipulative and grasping functions of the face of the 
lacinia as reflected by loss of teeth and spines in this 
area. 

By superimposing these maxillary modifications on a 
Simplified phylogeny of gyrophaenines, it is possible to 
make a tentative oaeneeis about how hymenium feeding may 
have arisen in the gyrophaenine lineages. 

Figure 262 shows the distribution of maxillary forms 
among the major lineages of gyrophaenines. Members of the 


Subtribe Bolitocharina have maxillae with many relatively 
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generalized features for aleocharines as a whole. Maxillae 
of members of the subtribe are probably more similar to 
those present in the common ancestor of bolitocharines and 
gyrophaenines than any maxillary form found among the 
Qyrophaenines. Though bolitocharines inhabit fresh 
mushrooms, structure of the maxilla seems to indicate? that 
they are not as highly specialized for fungus feeding as are 
gyrophaenines. As noted above, the exact relationship of 
bolitocharines and fresh mushrooms is unknown. 

By time of origin of the gyrophaenines, the lacinial 
Spore brush was well differentiated but some scattered teeth 
remained on the inner face of the lacinia; setae were 
numerous and scattered on the inner face of the lacinia; and 
galeal setae were unmodified and in numerous rows. Maxillae 
with these features characterize some embene of the 
"Brachida" lineage. In general, maxillae of members of this 
lineage are the most plesiotypic found among gyrophaenines. 
It is important to note that feeding habits of members of 
this lineage are unknown. The habitat of the large majority 
of species in this lineage has not been recorded. While 
some members are occasionally found on mushrooms on logs 
(Benick 1952), they are more commonly collected from moldy 
leaf litter or rotting grass tufts (Lohse 1974, and others). 
Possibly, members of this lineage do not have an obligatory 
association with fresh mushrooms. The less highly derived 
mouthparts of members of the "Brachida" lineage are 


consistent with this hypothesis. This presents the 
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possibility that adaptations in the maxilla of gyrophaenines 
may have been developed in response to general fungus 
feeding and later were modified to feed specifically on the 
hymenium layer of fresh fruiting bodies. 

By time of origin of the ancestor of the "Sternotropa" 
plus "Gyrophaena" lineage, all the highly derived character 
States of the maxilla of gyrophaenines had developed (except 
for retention of scattered setae on the inner lacinal face 
in some members of the "Sternotropa" lineage). Uniformity 
of derived states in mouthpart structure among members of 
these two lineages, particularly complete loss of teeth from 
the inner face of the lacinia, a well differentiated, dense 
spore brush on the apex of the lacinia, and reduction of 
galeal setae to four well separated rows of flattened setae, 
suggests that by time of origin of the ancestor of these 
lineages, gyrophaenines were fully committed to feeding on 
the hymenium of fresh mushrooms. This hypothesis is 
Supported by the fact that all members of the "Sternotropa" 
and "Gyrophaena" lineages for which data are available are 
found in large numbers only in association with fungi, 
particularly fresh fruiting bodies. 

It appears, therefore, that evolution of the 
characteristic way that gyrophaenines use the mushroom 
habitat is reflected in modifications in the maxilla. The 
early gyrophaenines may not have had an obligatory 
association with fresh mushrooms. Evolution of the ability 


to feed exclusively on the hymenium of mushrooms was 
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apparently a later adaptation. This hypothesis is, of 
course, very Sensitive to whether or not the major features 
of the proposed cladogram are correct. Falsification 

of aspects of the cladogram would require modification of 
these hypotheses. 

Too little is yet known of structural variation in 
larval gyrophaenine mouthparts to allow a similar analysis 
of the evolution of these structures. However, the 
Structural. similarities between adult and larval maxillae 
Strongly suggest that larvae of Qyrophaenines are adapted to 
the use the mushroom habitat in a way very Similar to that 
of adults. Structural parallels in maxillae of 
larval and adult gyrophaenines are remarkable (compare 
Figures 237 and 243). The spore brush on the apex of the 
mala of larval gyrophaenines is similar in all important 
respects to that found on the lacinia of adults. 
Additionally, it seems reasonable to hypothesize that the 
leaf-like scale at the outer apical angle of the mala of 
larvae may perform a function similar to that of the rows of 
Subspatulate setae on the galea of adult gyrophaenines. 

Interestingly, habitat-related structural variations in 
adult maxillae discussed below are reflected in larval 
mandibles. This further suggests that larval mandibles are 


under a similar selective regime. 
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5.3.1.2 Habitat Related Structural Features 
In this section I discuss structural characteristics of 
gyrophaenines which seem to be correlated with differing 
features of the various types of mushrooms occupied by them. 
Though these features appear to be correlated with various 
types of mushrooms, their origin is uncertain. Therefore, 
as discussed below, there are other possible explanations 
for these features than adaptation in response to selection. 
Gyrophaenines associated with either persistent 
polypore or ephemeral gilled mushrooms tend to have a suite 
of external features which cause beetles most commonly found 
on mushrooms of either of these groups to have a similar 
habitus. It is important to emphasize that the correlation 
under discussion here is a tendency for gyrophaenines 
Occurring in similar habitats to display similar external 
features. Exceptions are known, but the pattern of 
Similarity is striking in spite of these. Members of those 
groups most commonly found on woody polypores tend to be, or 
have: 
1. small size (the smallest gyrophaenines are in this 
group). 
2. dark color, usually unicolorous piceous, black, brown or 
red-brown. | 
3. more or less sublimuloid body form or abdomen sides 
converging from base to apex. 
4. body densely, uniformly covered with small microsetae. 


5. macrosetae short, inconspicuous (but not in some 
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Sternotropa and Adelarthra) . 


6. pronotum markedly transverse. 

7. pronotum with hind borders markedly to moderately 
bisinuate. 

8. pronotum lateral borders deflexed so that hypomera 
invisible in lateral aspect. 

9. apico-lateral angles of elytra markedly to moderately 


Sinuate. 


In contrast, members of those groups of gyrophaenines most 


commonly found on fleshy gilled mushrooms tend to be, or 


have: 


1. 


larger size. 


2. generally lighter color, often bicolorous, with both 
lighter and darker areas on same beetle. 

3. more or less parallel-sided body. 

4, microsetae on body fewer; head, prothorax and abdomen 
subglabrous. 

5. macrosetae more prominent, larger. 

6. pronotum less transverse. 

7. pronotum with base slightly to not bisinuate. 

8. pronotum lateral edges less deflexed so that hypomera 
moderately to broadly visible in lateral aspect. 

9. ‘apico-lateral epales of elytra slighty to not sSinuate. 


Information about details and variation on these 


generalizations can be found by referring to the comparative 


morphology section (3.1.1) or the generic descriptions 


bSection 3.33); 
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Whether cause and effect are involved in these 
correlations is not clear. Uniform structural features 
among members of a group may result from selection for 
Similar characteristics by features of the habitat, similar 
phylogenetic ancestry, or both. Marked correlation of these 
external features with polypore or gilled mushroom habitats 
suggests that contrasting characteristics of the habitats 
may be selecting for these features. However, it has been 
argued in Section 4.1.2 that for each of the features 
correlated with polypore mushroom habitats, except size and 
color, the out-group comparisons within aleocharines suggest 
that they are best interpreted as ancestral (plesiotypic) 
within Gyrophaenina. Small size and dark color may be 
adaptations to features of the polypore habitat, but this is 
difficult to evaluate without additional data. 

If these suppositions are correct, then those 
Structural features correlated with gilled mushroom habitats 
are in some way selected for by the habitat. This 
hypothesis is further correlated by the relative 
phylogenetic position of the gyrophaenine groups which occur 
most commonly on gilled mushrooms (see Section 5.4.2 and 
Table 4). Additionally, within the heterogeneous assemblage 
of species presently wae hdea within Gyrophaena, different 
Species are known which have external features typical of 
Qyrophaenines from either polypore and gilled mushrooms. 
These seem to correlate well with the patterns of host 


preference described above. For example, members of 
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Gyrophaena hubbardi Seevers and related species which are 
apparently most common on polypores, are difficult to 
separate on superficial external characters from members of 
the "Sternotropa" lineage. 

Possibly, adaptations for life between Gulls ok 
mushrooms in constant contact with the hymenium layer are 
involved in producing a tendency to have similar features in 
those gyrophaenines which live on gilled mushrooms. At 
present the data are much too tenuous and scattered to allow 
this set of correlated features to be evaluated further. 
Additional Study 1s needed to determine if these patterns 
remain intact under detailed scrutiny and to determine 
detailed features of the various types of mushroom habitat. 

A second interesting correlation of structure with 
polypore and gilled mushroom habitats involves details of 
the maxillary structure of adult gyrophaenines. Those 
gyrophaenines which live on woody polypores have a lacinial 
Spore brush with relatively more numerous closely spaced, 
shorter teeth (Figures 236) in comparison to those living on 
gilled mushrooms (Figures 234). The most closely spaced, 
Numerous teeth in the spore brush known to me characterize 
adults of Brachycara species (Figures 94, 237). Members of 
Brachycara, as far as is known, live only on polypores. 

It seems reasonable to hypothesize that these 
differences in number and density of the teeth in spore 
brushes of gyrophaenines are in some way related to the 


different problems for feeding presented by polypore and 
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gilled mushrooms. Hardness of the mushroom, and size, shape 
Or accessibility of spores and the hymenium layer are 
possible factors contributing to this structural difference. 

An additonal interesting correlation is the tendency 
for those gyrophaenines which occupy polypores to have 
V-shaped or chevron-shaped setal patches on tergum 10. while 
those which are most common on gilled mushrooms have more or 
less square setal patches (see sections on comparative 
morphology and phylogenetic analysis for details). It is 
particularly interesting that a chevron-shaped setal patch 
appears to have been evolved at least twice in the 
"Sternotropa" lineage. It is not possible to evaluate this 
correlation further at this time. However, it is possible 
that the setal patch on tergum 10 is involved in cleaning 
eect ont If so, it suggests that the problems of keeping 
the integument clean may be different in the two types of 
mushrooms. 

All of the correlations between habitat type and 
Structure of gyrophaenines require additional study outside 
the range of this investigation. They are reviewed here 
primarily to introduce the interested student to other areas 
of gyrophaenine evolution and natural history which could be 


profitably investigated. 
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5.3.2 Life Cycle and Behavioral Adaptations 

Life cycle and behavioral adaptations of gyrophaenines 
to the mushroom habitat are discussed in more detail in 
Section 3.2.2. However, it is important to emphasize here 
that many of the features of the life cycles and behavior of 
gyrophaenines are almost certainly a direct result of the 
nature of mushroom habitats. Rapid colonization of fruiting 
bodies is apparently an adaptation in response to the 
ephemeral nature of mushrooms. The possibility of active 
aggregation of gyrophaenines discussed in Section 3.1.2.1.2 
may be an adaptation to a combination of unpredictability 
and ephemerality of mushrooms. If a suitable mushroom were 
discovered by a member of a gyrophaenine species, attracting 
other gyrophaenines of the same species to the mushroom 
might both increase the mating success of the Original 
individual on the mushroom and more efficient and quicker 
use of available mushrooms. However, at present, because 
too little is known of aggregation in gyrophaenines and 
effects of intraspecific competition among gyrophaenines, it 
is difficult to evaluate scenarios which would allow 
aggregation to evolve. 

Mating on mushrooms may also be related to their 
ephemeral nature, Buen may also be an adaptation resulting 
from increased efficiency of mating when many gyrophaenine 
adults are present on a single fruiting body. The limited 
circumstantial evidence that the preoviposition period is 


short and oviposition occurs soon after colonization is 
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consistent with what might be expected from requirements of 
an ephemeral habitat. A prediction might be that females 
mated on one mushroom would colonize another and Oviposit 
without mating again, but this has not been investigated. 

Very rapid larval development is almost certainly an 
adaptation to the ephemeral nature of mushrooms. Associated 
with this is rapid initiation of feeding and apparently more 
or less continuous feeding activities described for larvae 
of Phanerota fasciata (Ashe 1981a). 

It seems reasonable to expect that those gyrophaenines 
which live on more persistent polypore mushrooms may be 
under less stringent requirements for very rapid 
colonization of fruiting bodies and rapid life cycle. This 
would, therefore, suggest that life cycle and behavior of 
those gyrophaenines which live on polypores may differ in 
minor or significant ways from those which live on gilled 
mushrooms. 

Presence of adult gyrophaenines in moist litter and 
under logs may be an adaptation to survive when few or only 
unsuitable mushrooms are available for colonization. 

As discussed below (Section 5.4.4), the general 
patterns of host relationships of gyrophaenines are also 
likely to be Stactat tons to characteristics of the mushroom 


habitat. 
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5.4 Patterns of Host-Mushroom Relationships 


5.4.1 Introduction 

As Seevers (1951) pointed out, the problem of host 
relationships is important. In particular, an understanding 
of gyrophaenine evolution appears impossible without 
consideration of the origin of both broad and detailed 
features of host relationship patterns. I have, therefore, 
within the limitations of this study, attempted to gather 
host information for gyrophaenines and apply it to problems 
relating to gyrophaenine evolution. 

Very little has been published about host relationships 
of gyrophaenines, especially for the North American fauna. 
Host lists for European gyrophaenines include Benick (1952) 
[all known records for Palearctic Region], Donisthorpe 
(1935) [England] and Scheerpeltz and Héfler (1948) 
[Austria]. 

For North America, the literature about hosts of 
gyrophaenines is notable by its absence. Insect inhabitants 
of various woody bracket fungi have been relatively well 
Studied by Matthewman and Pielou (1966), Graves (1960), 
Graves and Graves (1966), Pavior-Smith (1960), Minch (1952) 
and Pielou (1966). However, none of these mentions finding 
any beetles of the subtribe Gyrophaenina. Relatively few 
Papers have been written describing insects of gilled 
mushrooms. These include Moennick (1939, 1944), Chagnon 


(1935) and Weiss and West (1920, 1921). Of these, Weiss and 
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West (1920) list one host for Gyrophaena (=Eumicrota) 
corruscula (Erichson), and Moennick (1939, 1944) lists hosts 
for Gyrophaena (=Phanerota?) fasciata Say and Gyrophaena 
flavicornis Melsh. Ashe (1981a) has listed hosts for 
Phanerota fasciata (Say), and (in press) hosts for 

P, dissimilis (Erichson). 

Few of those who have examined the hosts of 
gyrophaenines have attempted to discern a pattern in those 
host relationships. An exception is Scheerpeltz and Hofler 
(1948). Also, White (1977) has attempted a general 
treatment of which mushrooms are most likely to form 
acceptable hosts for gyrophaenines. However, much of the 
understanding of the way fungus beetle host relationship 
patterns develop is from studies of beetles of the family 
Ciidae which occur on woody polypores (Paviour-Smith 1960; 
Lawrence 1973). 

Except where otherwise noted, the host-mushroom data 
presented in this section were collected by me incidental to 
collecting for systematic research. A single collection is 
here considered to be all the specimens collected from a 
Single mushroom or from a closely associated group of 
mushrooms of the same species on the same day. Biases 
inherent in data JSS and handled in this way include: 
1. Relative abundance of different mushroom species makes 

uniform sampling of all available mushrooms difficult. 
2. Number of fruiting bodies sampled per collection affects 


average number of beetles per mushroom. 
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3. Groups or clusters of mushrooms tend to attract more 
attention than single mushrooms. 

4. Pooling of data from a number of fruiting bodies of the 
Same mushroom species, even if closely associated, can 
obscure potential differences in the Gyrophaena fauna due 
to different ages of fruiting bodies, competition or 
possibly other factors. 

5. Host information gathered while collecting for 
Systematic research gives only limited data about the 
mushrooms on which gyrophaenines do notroccur. 

However, in spite of such potential biases, these data 

include more than 700 individual collections with host data 

and reflect predictable trends of abundance and distribution 
of gyrophaenines among mushrooms. These data provide 
patterns for a first analysis of gyrophaenine host 
relationships. However, more sophisticated analysis of host 
relationships will require data collected in a more rigorous 
way. 

Mushrooms were identified using a number of popular and 
semi-popular identification guides. These included Smith 
(1958), Hesler (1960), Kauffman (1971), Smith and Smith 
(1973), Smith, Smith and Weber (1979), and others. 

Confident Peenaiai canton of many mushrooms to species is 

difficult for the non-specialist. I have, therefore, 

consistently been conservative in my identifications of 
fungi. If specific determination is in question, I have 


been satisfied with a generic determination in which I have 
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confidence. Whenever possible I have collected voucher 
Specimens of host fungi so that many host records can be 
verified or identified more precisely. 

Patterns of host relationships can be discussed at a 
number of taxonomic levels. Each one of these levels 
provides different insight into evolution of gyrophaenines. 
In this section, I consider host relationships at three 
taxonomic levels: 1) intergeneric patterns, 2) broad 
intrageneric trends with the large genus Gyrophaena, and 


3) interspecific patterns. 


9.4.2 General Distribution of Gyrophaenines among Mushroom 
Groups 

The distribution of gyrophaenines within available 
mushrooms is surprising. There are many groups of se 
which produce macroscopic fruiting bodies (commonly called 
"mushrooms") on which gyrophaenines are virtually never 
found. These include stinkhorns (Phallales), bird's-nest 
fungi (Nidulariales), puffballs and earthstars 
(Lycoperdales), coral mushrooms (Clavariaceae), jelly fungi 
(Heterobasidiomycetes) and cup fungi (Ascomycetes). Other 
mushroom groups on which gyrophaenines are rare and which 
are probably rarely a never included among the preferred 
hosts of gyrophaenines, include the bolete mushrooms 
(Boletaceae) and the tooth fungi (Hydnaceae). 

Reasons for absence of gyrophaenines from some fungi 


(stinkhorns, puffballs, jelly fungi) appears to be related 
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to the fact that the spore producing tissue is not generally 
available. Absence from others (coral fungi, ascomycetes) 
has no obvious reason. 

When considered in the perspective of all possible 
mushroom groups, gyrophaenines are found on a very limited 
selection of mushrooms. They are common only on members of 
the Polyporaceae of the Aphyllophorales, the pored 
mushrooms, and several families of the Agaricales, the 
gilled mushrooms. These two general groups of mushrooms 
differ mainly in that the hymenium of members of the 
Polyporaceae is produced on the inside of pores, while that 
of the Agaricales is produced on the surface of lamellae or 
gills. 

For gyrophaenines, polypores and gilled mushrooms 
differ in a number of potentially important general 
characteristics. Habitat differences of probable importance 
to gyrophaenines are summarized in Table 3, and discussed 
more fully with possible consequences in Sections 3.2.2.2 
and 5.3. It is important to note here that mushrooms of 
these two groups differ in persistence, place of spore 
Production, and rate and length of time of spore production. 
These two extremes of habitat characteristics are joined by 
a range of more or ee persistent gilled mushrooms and more 
Or less ephemeral polypores. However, these contrasts 
Suggest that, at least potentially, responses to the 
different conditions of thse two major mushroom types could 


Produce marked differences in life cycle, habits and 
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population structure, and, Subsequently, evolution of those 
gyrophaenines which occupy them. 

With these characteristics and possible consequences of 
the characteristics in mind, it is possible to examine 


patterns of distribution of gyrophaenines among mushrooms. 


5.4.3 Intergeneric Host Patterns 

At the very broadest level of host relationships that 
has any information, it is possible to consider occurrence 
of genera among major habitat types of mushrooms, which are 
subjective categories suggested by the criteria of habitat 
characteristics discussed above. 

Table 4 is a generalized summary of the distribution of 
members of gyrophaenine genera among major habitat types 
within the mushrooms. Mushroom data have been collected by 
me except that the information for Agaricochara is from 
Scheerpeltz and Hofler (1948), Benick (1952) and Donisthorpe 
(1935), and that for Pseudo] igota from label data and 
published habitat data (Cameron 1920, 1939). This table 
predicts that members of Sternotropa occupy woody polypores, 
although no data are available. The number of crosses 
refers to the relative number of species in that genus which 
are most common or ates to mushrooms of a particular 
type. 

Table 4 indicates that it is possible to recognize four 
broad host groups among mushrooms inhabited by 


gyrophaenines. Group I is made up of those gyrophaenines 


manitisad yop sacit te qt shem ake 


: 
~ 
4 
= 


at 


* 
. 
» 


S 


auooc tcaum o3 bOsiimil £6 nome 


[2209 £1 3i dnd? asienibqi. bla 


O97iGaths s2getaeaym Boome 


‘ce \bos ,satcotge nee 
<a 
nena y je TOR doidw senina 


ge aii s 
G O96 e232. 19josit6d> eaeds- Asie. oe 
.onim at eoitelistcesido wee 


he iy 


) NO iJedinjesa 3s anioig eg) 
ea 


sa 0k" €, O58 


b 
ia 
ae 
pes 
J 
”~ 

> 

5 
ae 

ma) 


$i t€8a9beoIrd: ¥yrev. ody 2A 


a 


aii TOC Se onons SIshheoe 


son :laistep s 2@i } aida® 


"778 AqIeney ontiassdaorye Jere 


; oe 


’ - 
rap wee Teeuw .PRse1teum et nid 
1 


~ 


sui¢ ind oft sede gas 


D 
£ 


Chel} sad den cos <stieqaa 
S209! ‘one’ geksd ard Gee 


ae | >te%s5)) efeb 4e3ldea sb a" 


i 


~ 
’ 


Soo wtoniele lo s2sdmem sses-eee 


| ~ ,Sldalteve: sae sisbh: or die 
) 


i 
= 


4 


oi 
‘ 


2»9qG2 26 234m #21 feiss sq2 


=- 
~. 


iy 
oe i 


ma 


eS te 


a 

o 

en 
a 


re | 


349 
for which nothing is known of the host relationships. 
Primarily this includes the members of the "Brachida" 
lineage. As discussed above, it is possible that members of 
this lineage do not have an obligatory association with 
fresh mushrooms. Group II is made up of those gyrophaenines 
which are restricted to woody polypores. This includes all 
members of the "Sternotropa" lineage for which information 
is available, some members of Eumicrota, and a few 
Gyrophaena. Group III includes those which are most common 
on fleshy polypores. Gyrophaenines which occupy mushrooms 
of this type usually have host ranges which overlap into the 
persistent gilled mushrooms and woody polypores. 
Gyrophaenines which occupy Group III type habitats include 
most Eumicrota and some Gyrophaena. Group IV is made up of 
those gyrophaenines which are restricted to or most common 
on gilled mushrooms. This includes the most members of 
Gyrophaena and Phanerota. 

It 1S obvious that most genera of gyrophaenines occupy 
polypores. However, it is possible that this is a taxonomic 
artifact (see Section 3.3.3). In contrast, the gilled 
mushrooms have been invaded only by the lineage which leads 
to Gyrophaena and Phanerota. However, it is among the 
gyrophaenines which craic gilled mushrooms that the great 
Species diversity occurs, mostly in the genus Gyrophaena. 

This distribution of gyrophaenines among broad mushroom 
groups along with evolution of structural adaptations in 


feeding structures discussed above suggests that as a first 
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hypothesis about broad trends, it is possible to consider 
gyrophaenine evolution as attainment of a series of adaptive 
zones. Phylogenetic relationships suggest that the ancestor 
of the "Sternotropa" and "Gyrophaena" lineages probably 
lived on polypore mushrooms. This hypothesis is 
Strengthened by the fact that gyrophaenines which prefer to 
occupy polypores are found in both lineages. In contrast, 
the phylogenetic position and great species diversity of 
those groups which live on gilled mushrooms suggests that it 
is possible to consider evolution of the ability to use the 
more ephemeral and unpredictable habitat of gilled mushrooms 
as the attainment of a new adaptive zone, which was followed 
by extensive radiation. However, hypotheses about whether 
attainment of the adaptive zone is clade or grade based 

(has occurred only once or by a number of lineages) must 
await more complete systematic studies of the heterogeneous 
assemblage of species now included in the genus Gyrophaena. 
This problem arises because presence of some species within 
Gyrophaena which occur on polypores suggests that gilled 
mushrooms may have been invaded several times during the 


evolution of this lineage. 
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5.4.4 Intrageneric Level Host Patterns 

One of the most interesting characteristics of host 
patterns of gyrophaenines is the major groups of mushrooms 
within generally acceptable mushroom types which they rarely 
Or never occur on. Table 5 provides a subjective diagram of 
the general distribution of members of the major species 
groups of Gyrophaena and Phanerota which occur on members of 
commonly encountered gilled mushroom families. This is 
compiled from my own host records for North American 
gyrophaenines and may not generalize to other areas with a 
different gyrophaenine fauna. Lack of records of 
gyrophaenines from members of a mushroom group does not 
indicate that gyrophaenines have not been collected on these 
mushrooms. Instead, it indicates that only isolated adult 
Specimens have been collected and there is no indication 
that gyrophaenines ever occur on these mushrooms in large 
numbers. Table 5 shows that gyrophaenines have a curiously 
disjunct distibution within the available mushrooms. There 
are major groups of mushrooms, the families Lepiotaceae, 
Hygoporaceae, Agaricaceae, and Coprinaceae, which produce 
fruiting bodies, but which are seldom inhabited by 
gyrophaenines. In addition, not apparent from Table 5, is 
the fact that often, eons within a single genus of 
mushrooms, the same disjunct patterns of gyrophaenine 
distribution may be found. Some species attract large 
numbers of gyrophaenines while others have few or no 


gyrophaenines on them. 
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There is no correlation between known physical and 
chemical characteristics of mushrooms and this distribution. 
Gyrophaenines occur on a large number of mushroom species 
which are known to be EoOxrc pefor a varienty of reasons, to 
humans, and fail to occur on others which are innocuous, or 
even desirable food for humans. 

It is also apparent from Table 5 that members of a 
Species group are usually most common on one or a few 
mushroom families rather than being distributed generally 
throughout available mushrooms. 

While these general patterns of distribution of 
Qyrophaenines within gilled mushrooms are quite baffling at 
present, it is obvious that gyrophaenines are establishing 
Criteria for characteristics of an acceptable mushroom host 


in an unexpected way. 


5.4.5 Species Level Host Patterns 

The simplicity of a subjective diagram of distribution 
of gyrophaenines within mushroom groups such as that 
presented in Table 5 is belied by the complexity of host 
data when the distribution of individual species among 
available mushrooms is considered. 

Presentation of the many hundreds of available host 
records for gyrophaenines is not possible in this study. 
However, details of the host records are important. 
Patterns of relationships only become apparent after a very 


large number of host records have been examined. Instead, 
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in this section, I present some of the more important 
patterns of host data that are encountered and give a 
summary of the host records of gyrophaenine species which 
illustrate this pattern. 

Detailed host data are availble from the author. 
Pattern 1 — Adults may be found on a wide variety of often 
distantly related mushrooms. 

This is a very common pattern. Almost always, whenever 
a large amount of host data is available for a species, the 
variety of mushrooms on which adults have been found 
represents many genera and uSually several families of 
mushrooms. This is illustrated by the collection records 
for Phanerota fasciata (Say) (Table 6). In 61 individual 
collections with host data, adults of this species have been 
Mitccredecn members of 11 genera of mushrooms in 4 
families. However, it is important to note that specimens 
of P. fasciata have not been found on all possible 
mushrooms, including all brown and dark-spored mushroom 
families and all polypores. 

Pattern 2 — Although adults of most species of 
gyrophaenines occupy a variety of mushrooms, they are 
usually more common on members of one or a few mushroom 
genera. | 

Table 7 summarizes the distribution of adult 
individuals of Gyrophaena nanoides Seevers in 11 
collections. While adults of this species have been found 


On members of 9 genera of mushrooms, large numbers of 
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individuals have been found only on Cortinarius species. 
The collection data for P. fasciata also illustrate 

Pattern 2 (Table 6). Specimens of P. fasciata are most 
commonly collected on members of Russula Grey and Lactarius 
(D.C.) ex Grey (family Russulaceae). 

Pattern 3 — A very few species of gyrophaenines seem to 
have a well defined host range. 

I have 13 collections of Gyrophaena egena Casey with 
host data. Of these, 9 are from members of Lactarius, and 4 
are from specimens of Russula (total number of specimens, 
368). I have not encountered this beetle on any other 
mushroom, even though I have collected extensively in areas 
where it is common. Russula and Lactarius together form a 
distinctive family of gilled mushrooms, the Russulaceae. 
This suggests that mushrooms in these genera may have 
chemical or physical properties of importance to these 
beetles. Pattern 3 is very uncommon among gyrophaenines, 
and I know of no other gyrophaenine for which adquate host 
data are available that show it. 

Pattern 4 — There are a few species of mushroom which 
always support an extremely large population of 
gyrophaenines representing a large number of species. 
Amanita verna (Fr.) oder: in the Blue Ridge Mountains of 
North Carolina seems to be such a mushroom. I have 
collected 751 adult individuals representing 13 species from 
a Single fruiting body, and, in all, I have collected 17 


Qyrophaenine species from this mushroom species. Hypholorna 
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fascicualaré Quel. in Europe may exhibit a similar pattern 
of gyrophaenine habitation (see Benick 1952; Scheerpeltz and 
Hofler 1948; Donisthorpe 1935; and other host lists of 
European gyrophaenines). 

Pattern 5 — While one may consistently and predictably 
find members of a species of gyrophaenine on specimens of a 
particular group of mushrooms, and only occasional specimens 
on other mushrooms, one may sometimes find them in large 
numbers on a mushroom from which they have not been 
collected. 

Table 8 summarizes collection data with host records 
from Gyrophaena monticola Seevers. Adults of this species 
have been commonly collected on mushrooms in three genera of 
the Cotinariaceae and one genus of Crepidotaceae. This 
suggests that Siesupreres light-brown spored mushrooms. 
However, in one instance they have been collected in large 
numbers on specimens of PJeurotus (Fr.) Quel., a light 
spored mushroom which occurs on logs. Pattern 5 is commonly 
encountered and causes much of the problem in interpretation 
of these host data patterns. | 

Other data sets show additional patterns, but these 
seem to be the most common and important ones. (See White 
(1977) for a more pedecal treatment.) It is apparent from 
these examples that specific patterns of host relationships 


between gyrophaenines and mushrooms are very complex. 
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5.4.6 Principal Patterns and Origin of Host Relationships 

Although the patterns of host data are complex, the 
Pactethateit isrpossible*to recognize any pattern at all 
indicates that gyrophaenines distinguish between mushroom 
groups at some level. Though many of these patterns cannot 
be explained at present, a few generalizations can be made 
about characteristics of relationships between gyrophaenines 
and mushrooms. First, all species have a host range — no 
monophagous species are known. Secondly, host preferences 
(rather than obligatory relationships) are the rule. When 
"preferred" mushrooms are not available, "less preferred" 
mushrooms are used. Finally, adults may live and feed on 
mushrooms on which they cannot breed. This was Originally 
suggested by Scheerpeltz and Hofler (1948). Circumstantial 
evidence (personal observations) continues to Support this 
hypothesis, but it has not been carefully tested. 
Paviour-Smith (1960) proposed that members of the beetle 
family Ciidae which live in woody polypores have a similar 
relationship to mushrooms. She proposed the term 
"headquarters" for the most preferred or commonest breeding 
mushrooms for the species of ciids in an area. 

Probably, all of these general characteristics are 
responses to the eure of the mushrooms as habitats. In 
addition ,the mushroom flora may vary tremendously in the 
course of a season. At times mushrooms are incredibly 
abundant in great taxonomic diversity. At other times in 


the season, there are few fruiting bodies or species 
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available. Species composition of the mushroom flora also 
changes throughout the year. To use this habitat 
efficiently, gyrophaenines must be able to respond to this 
variability. Ideally, the ability to use all available 
mushrooms would be of greatest advantage to a gyrophaenine 
(Ashe 1981a). This, however, does not appear to happen. 
The members of a gyrophaenine species apparently uSe only a 
limited part of the mushroom flora. 

The distribution of gyrophaenines among mushrooms can 
be partially explained by the tentative hypothesis that 
members of a species have an evolved tolerance to a range of 
conditions presented by mushrooms. They will, therefore, 
tend to occur on any mushrooms which present these 
conditions (White 1977). Closely related mushrooms will 
tend to have similar physical and chemical characteristics. 
Consequently, the same gyrophaenine species are likely to 
Occur on them. However, less closely related mushrooms may 
also have similar characteristics, at least as far a the 
characteristics of importance to the gyrophaenines are 
concerned. These less closely related mushrooms may 
therefore serve as a suitable host for members of a 
gyrophaenine species which is more commonly found elsewhere. 

Additionally, wematiould consider the working hypothesis 
that gyrophaenines distinguish between four broad categories 
of mushrooms: 1) "preferred hosts"; 2) "acceptable" breeding 
hosts; 3) "acceptable" adult hosts; and 4) unacceptable 


mushrooms. The boundaries between these broad categories 
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are probably indistinct, and may vary depending on a variety 
of conditions. The distribution of available mushrooms 
would then overlap various portions of these acceptance 
categories for members of a gyrophaenine species. The way 
that this might occur is illustrated in the schematic 
diagram in Figure 263. The two diagrams in this figure show 
differences in the available mushroom flora which overlap 
different parts of the acceptability Spectrum for all 
potential mushrooms for a species of gyrophaenine. Such 
differences in available mushrooms may result from seasonal, 
geographic or yearly variation. 

If this generalization is correct, then several 
subsequent corollaries are suggested. First, examination of 
a limited amount of host data may present a confusing array 
of mushrooms. Patterns of the acceptability spectrum would 
become apparent only after examination of a large volume of 
host data. Second, this acceptability spectrum suggests 
that the preferred host need not be present for the members 
of a gyrophaenine species to survive. It implies that they 
are able to respond to variability in available mushrooms as 
discussed above. 

In summary, it appears that at least two factors have 
had fundamental influence in evolution of the relationship 
between gyrophaenine staphylinid beetles and fresh 
mushrooms. First, evolution of a mouthpart structure that 
allowed the beetles to graze on the hymenium layer of the 


mushroom rather than feed directly on the fungal flesh 
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opened a relatively unused portion of the mushroom habitat. 
Gyrophaenines thereby avoided much of the intense 
competition found among insects which feed on flesh of 
mushrooms. 

Secondly, general characteristics of the mushroom as a 
habitat require that members of each species of gyrophaenine 
evolutionarily optimize among conflicting requirements. 
These include: need to use every mushroom encountered; 
physiological limitations suggested by the great chemical 
diversity of mushrooms: and physiological and competitive 
advantages expected from specialization. 

Gyrophaenines seem to have resolved these conflicting 
requirements by evolving a tolerance to a range of physical 
and chemical characteristics provided by mushrooms. This 
tolerance range (reflected in the "acceptability spectrum" 
of a species) allows members of a gyrophaenine species to 
respond to seasonal, yearly, and geographic variation in the 


mushroom flora. 
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5.5 Adaptive Zones and Possible Evolutionary Scenarios 


5.5.1 Evolutionary Scenarios 

Eldredge (1979) defines an evolutionary scenario as "a 
phylogenetic tree with an overlay of adaptational narrative" 
(p.192). Scenarios are therefore inductive narratives 
designed to explain how some particular evolutionary pattern 
took place. However, he points out that most scenarios are 
not based on well corroborated phylogenetic trees. They are 
therefore mostly "fairy tales" based on untestable 
hypotheses about evolutionary processes or community 
Organization, and do not represent "good science". 

He suggests that there are at least two ways to improve 
scenarios: 1) base them more clearly on phylogenetic trees 
and 2) eliminate the more purely speculative evolutionary 
processes from them. If this is done the scenarios can be 
more informative than simple descriptions of where various 
groups occur. They become simplified models of major 
features of evolution of the group, and, as such, may 
Stimulate further investigation. Also, when presented in 
this way, Scenarios are both testable and refutable 
(Eldredge 1979), 

Scenarios are, haweuect far removed from the original 
data base from which relationships were hypothesized and 
Numerous additional assumptions have been added. Therefore 
they may be expected to be wrong in detail. Strict 


adherents of "hypothetico-deductive" methods in science 
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strongly disagree with ad hoc modification of scenarios as 
details are shown to be incorrect. However, modifications 
of scenarios to make them more consistent with new data 
would seem important, or alternately, as suggested by some 
cladists (Schaeffer, et. a]. 1972) scenarios Should not be 
constructed at all. With respect to the possible heuristic 
value of scenarios this latter alternative seems the less 
desirable of the two. 

Much of this confusion is lessened if it is realized 
that a scenario is not a Single hypothesis. It is, instead, 
a series of hypotheses. It is rare that an entire scenario 
can be falsified at once. For this to be possible, a very 
basic assumption in the scenario must be shown to be false. 
More commonly, one or more less comprehensive assumptions 
within the scenario are falsified along with the subsequent 
hypotheses or parts of the scenario dependent on these 
assumptions. Modification of incorrect assumptions and 
hypotheses is what leads to the accusation that one is 
"fixing up" the scenario by ad hoc hypotheses. However, it 
appears that hypotheses in a scenario can be tested as long 
as the assumptions on which they are based are clearly 
stated. 

An evolutionary Beenanic can be falsified by at least 
the following tests: 

1. Since an evolutionary scenario is based on a cladogram, 
the scenario can be falsified by re-evaluation of sister 


group relationships. 
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Evolutionary scenarios (or specific hypotheses within 
the scenario) can be falsified by evidence that the 
ecological or habitat conditions postulated did not 
exist. 
An evolutionary scenario can be falsified by additional 
life history information which indicates that the 
animals do not behave or relate to the environment in 
the way postulated. 
An evolutionary scenario can be falsified by additional 
distributional data (either habitat or geographic) which 
are not consistant with the assumptions of the scenario. 
An evolutionary scenario can be falsified by discovery 
of fossils for which the distribution in time and space 
is not consistant with that postulated in the scenario. 


Additional tests for specific hypotheses within a 


scenario may be possible. 
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9.5.2 Adaptive Zones and Major Features of the Evolution of 
Gyrophaenines 

AS pointed out by Eldredge (1979), it is very important 
that evolutionary scenarios be based explicitly son 
phylogenetic trees (sensu Eldredge 1979, and Eldredge and 
Cracraft 1980). Eldredge and Cracraft (1980) have correctly 
emphasized that only trees depicting hypothesized patterns 
of ancestry and descent have any meaning beyond the 
cladogram level of analysis. Additionally, higher taxa do 
not show patterns of ancestry and descent in the same 
context that species do. Therefore, for higher taxa, there 
is no formal distinction between the cladogram and a 
phylogenetic tree. Therefore, the phylogenetic tree on 
which this scenario of gyrophaenine evolution is based is 
the same as with the cladogram of genera depicted in Figure 
260. 

Cladistic relationships among gyrophaenine genera 
(Figure 260) coupled with distribution of major lineages of 
gyrophaenines among mushrooms (Table 4) suggests that the 
concept of "adaptive zones" can be useful in understanding 
how the broad host trends of gyrophaenines may have 
developed. 

The concept of eda tions zones" (Simpson 1953; Bock 
1965) implies that the environment can be considered a mosaic 
of subhabitats, regions or zones within which characteristic 
adaptive complexes are required for survival of the 


Organisms occupying those zones. Under this concept, 
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evolution is viewed as acquisition of a Specific adaptive 
complex which makes a series of previously unoccupied 
habitats (new adaptive zone) available to a group of 
Organisms. Evolution of the adaptive complex is usually 
taken to occur by a series of adaptive steps by species 
occupying a "transition zone" of habitats with intermediate 
characteristics. Of particular importance is attainment by 
a group of organisms of a zone that they were previously 
unable to occupy, and their subsequent diversification 
within that zone. 

Under these criteria the major habitat types provided 
by mushrooms can be considered to represent a series of 
adaptive zones for gyrophaenines. Mushrooms provide a range 
of habitats from relatively persistent woody polypores to 
very ephemeral fleshy gilled mushrooms. More or less fleshy 
ephemeral polypores and more or less persistent gilled 
mushrooms provide a transition zone between these two 
habitat types. 

Limited data suggest the following scenario. Lack of 
precise knowledge of the habits of members of the subtribe 
Bolitocharina and members of the "Brachida" lineage makes 
Speculation about early history of gyrophaenines very 
uncertain. However, it seems reasonable to expect that 
gyrophaenines descended from an ancestor which was in some 
way associated with fungi, either obligatorily or 
facultatively. This ancestor may have fed facultatively on 


fungus mycelium and spores in litter or on fungus covered 


l\OLFLALUOSS eo haweiv ee iotveiove 


< 
(a 


~ >> 


(°2 = egiem doitw seignes 
Ls jab ven) e963 ided a 


to nontviovws § Tametnapee 


2 6 -Yd- tUS06 TOR) Teas 

eri MLr°s f2nEenT" 2 on iyquose ‘ 

is i167 20 _,aclsaizagberede 
tiie LfifbI0. to qucig re 

oi? Bas | yewono os slideaa 


nos -sens ning w 
h 


" ALISSTVO Aesets 1ebAy 
ISL 20900 €1-peo-/enee tke 


2enos avisqnl 
Lim 


. pre Levriniey mos? ajesidadt 


‘sew Soe Lie ydeell Detensiage 


2 * On6 as 1ogvie? Lege 
an - 

, L275 Vit. Fasi12- 6 sbivede: eaeesas 
» i 


.29qy2 daa 
Va ee wf Jenooua Ansh hasty 
ens to #phalwor 


“ '. tiedwéa bes saiveteee 

, = 

leanhoitp | (Ot¢id ¢laee. jdods- We hes 
ess 2 

eas* ieee 32 ,oevewoR lmiem 

¢ : y 


SOS Bi ow HI6he IOFeeene As hoe? Bibneseee zoning 


C¢ tatiis’ , ipautidaiw Bagels 
msi 


o) 


. 
a 
A 4 4 sl 2 ba ’ = wt watia) * ~ ; 7 : 
Ba 24) ad c eV ér t ait i¢ J@a9saa siaAt: -_) J 


Gereves eyycu? > so.9et2 2 at Serie nn 


369 


logs. 

Increasing reliance on feeding on fruiting structures 
of mushrooms selected for the Specialized spore brush on the 
lacinia of gyrophaenines. Members of these early 
gyrophaenine species were probably not yet totally obligate 
inhabitants of fresh mushrooms. Mouthpart structure suggest 
that some members of the "Brachida" lineage may have habits 
Similar to this. This was probably the first adaptive zone 
occupied by gyrophaenines. 

Increasing reliance on hymenium Scraping as a feeding 
mode led to the second adaptive zone of gyrophaenines, 
obligatory association with fresh mushrooms. This adaptive 
zone appears to have been reached by the ancestor of the 
"Sternotropa” plus "Gyrophaena" lineage. Additionally, 
presence of all members of the "Sternotropa" lineage and 
some members of the "Gyrophaena" lineage on woody polypores 
Suggests that at this stage the gyrophaenines were limited 
to woody polypores. 

Life cycle adaptations which allowed use of more 
ephemeral gilled mushrooms were probably important in 
opening up the final adaptive zone to gyrophaenines, that of 
gilled fungi. This appears to have been reached only by 
members of the Seer ophasnad lineage, particularly Gyrophaena 
and Phanerota. 

This scenario of major evolutionary trends in 
gyrophaenines is highly speculative. I provide it here in 


the hope that it will stimulate additional research to test 
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it. This scenario is particularly sensitive to modification 
of cladistic relationships among gyrophaenine genera, 
increased knowledge of the habits of gyrophaenines, 
particularly members of the "Brachida" lineage and members 
of the subtribe Bolitocharina, and additional knowledge of 


distribution of gyrophaenines among mushrooms. 
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6. Prospectus: Future Trends in Research within the 
Gyrophaenina 

Study of evolution of relationships between gyrophaenines 
and fresh mushrooms provides unique insights into the effect 
of emphemeral, unpredictable and highly heterogeneous 
habitats on patterns of evolution within groups which occupy 
Such habitats. At present, this study is in the embryonic 
Stages. Additional study of almost all aspects of 
gyrophaenine systematics and natural history would be 
valuable. Particularly useful would be life history and 
habit information for representative gyrophaenines which 
live on both soft and woody polypore mushrooms, members of 
the "Brachida" lineage, members of Encephalus, and other 
closely related aleocharines. It would be very valuable to 
compare habits and life history of members of other 
aleocharine groups which are associated with fungi or 
mushrooms with those of gyrophaenines, especially if 
hypotheses about the effect of specific habits and habitat 
can be formulated for comparison. Additional host 
relationship data would be very useful, particularly if data 
were gathered rigorously to allow one to distinguish between 
breeding and feeding hosts and casual visits of adults to 
mushrooms, and how eeneeaals yearly and geographical 
Variation in mushroom flora affects use patterns. 
Ecological and physiological studies are needed to determine 
how gyrophaenines find mushrooms, and how they distinguish 


Suitable from unsuitable mushrooms. Nothing is presently 
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known about population dynamics of gyrophaenines and how 
these affect evolutionary patterns and processes. 

The gyrophaenine fauna of most geographical regions is 
virtually unknown. My experience with the gyrophaenine 
fauna of Mexico, Central America, and, to a lesser extent, 
of South America indicates that there are a very large 
number of undescribed species, and probably undescribed 
genera, in these areas. It seems likely that the faunas of 
Africa, Southeast Asia, China, Australia, New Zealand and 
Similar areas are also incompletely described. The fauna of 
India is probably moderately well described due to the 
Studies of Cameron (1939), but, since he did not provide 
figures of male genitalia, most of his species are 
impossible to recognize without reference to types. This is 
true of most described gyrophaenines. Detailed systematic 
studies with complete descriptions and illustrations of 
gyrophaenine faunas of most areas would provide a much 
needed comparative base. | 

The heterogeneous assemblage of species presently 
included in Gyrophaena requires study on a world-wide basis. 
This is a monumental task, but can perhaps be approached by 
Progressive study of increasingly comprehensive monophyletic 
groups. | 

Phylogenetic studies are possible at all levels of 
analysis. Many phylogenetically useful character systems 
are available and additional study is likely to reveal 


Others. Phylogenetic studies are especially useful if 
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combined with studies of habits and distribution so that 
hypotheses about evolutionary patterns and processes can be 
formulated and tested. 

The limits of genera described here will probably 
require modification as the world fauna becomes better 
Known. Also, subsequent analysis of character states in 
other groups of aleocharines may affect the cladistic 
hypothesis developed here. This will subsequently affect 


the hypotheses about evolution of gyrophaenines. 
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TABLE 3 


GENERAL CHARACTERISTICS OF POLYPORE AND GILLED 
MUSHROOMS AS HABITATS FOR GYROPHAENINES 


1)Persistence 


2)Spore Production 


3)Length of Spore 
Production 


Polypores 


relatively long 
lived 


inside tubes 


often sporadically 
over a long period 
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Gilled 


short to very short 
lived 


on surface of “gills” 


numerous spores 
produced over 
a short period. 
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TABLE § 


Generalized distribution of North American members of 

Major species groups of Gyrophaena and Phanerota 

among members of commonly encountered gilled mushroom 
families 


light chocolat grey 
white Pink brown brown black 


spore color { 1 


mushroom taxon 
AMANITACEAE 
HYGROPORACEAE 
RUSSULACEAE 
RHODOPHYLLACEAE 
CORTINARIACE AE 
AGARICACE AE 
COPRINACEAE 


LEPIOTACEAE 
TRICHOLOMATACE AE 


beetle taxon 


GYROPHAENA 
(SPP. grps. 


NANA arp. 


CONICIVENTRIS 4 44 
grp. 


++++) very abundant +++) abundant 


++) common +) rare 
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Table 6 


Summary of host records for Phanerota fasciata (Say) 


Total No. Total Specimens 
Mushroom Taxon Collections Collected 
lAmanita spp. 11 83 
Amanitopsis sp. 1 50 
2Clitocybe illudens 3 61 
Lactarius spp. eZ 394 
Russula spp. 22 o2e 
Others (6 genera)3 Lz 41 


IMost specimens from 2 collections from A. solitaria 
(Bull. ex Fr.) (55 specimens), and 1 collection from A. 
verna (Fr.) Quel. (24 specimens). 


2Most Specimens from 1 collection (52 specimens). 
3Armillaria imcol i.) «Boletus (2 coll. ), Clitocyhe (2 


coll.), Entoloma (1 coll.), Lepiota (1 coll.), Pleurotus 
Bae COl le )'s 
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Table 7 


Host records for Gyrophaena nanoides Seev. 


Number Total Specimens 
Mushroom Taxon Collections Collected 
Amanita verna i 5 
Amanita sp. 1 3 
Clitocybe clavipes 1 2 
Clitopilus sp. 1, 1 
Collybia confluens 1 1 
Cortinarius spp. 2 63 
Mycena sp. 1 1 
Pleurotus sp. a 3 
Russula crustosa 1 1 
Tricholoma sp. al 1 
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Table 8 


Summary of host records for Gyrophaena monticola Seev. 


Number Total Specimens 

Mushroom Taxon Collections Collected 
Cortinarius spp. cs] 336 
Crepidotus spp. 4 gas 
Gymnopilus spp. S 83 
Pholiota squarrosa 2 ies 
Pleurotus ostreatus i B37, 

all other mushrooms 

(5 genera)* 5 35 


* Clitocybe (1 Coll.); Undet. Cortinariaceae (2 Coll.); 
Undet. Tricholomataceae (2 COL li. Jk 
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Figure 1. Terms for major setae and sensilla of labrum of 
adult aleocharines discussed in this study. A) Terms 
after Sawada (1972) (redrawn from Sawada (1972); 

B) Terms proposed in this study (A.L.= apical lateral; 
B.L.= basal lateral; M.L.= medial lateral; 


P.M.= paramedial). 


Figure 2. Terms for structures on maxilla of adult 
aleocharines discussed in the text, dorsal aspect. 
(redrawn and simplified from Sawada, 1971). 

(b.s.= basal sensillum; c.= cardo; d.l.= distal lobe; 
f£.s.= filamentous sensillum; gal.= galea; 

i, sc.= inner sclerite; lac.=lacinia; 

m.sc.= medial sclerite; mx.p.= maxillary palpus; 


o.Sc.= outer sclerite; p.sc.= proximal sclerite; 


St.= stipes). 
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Figure 3. Terms for structures on labium of adult 
aleocharines discussed in the text (redrawn and 
Slightly simplified from Sawada, 1972) (a.s.= apical 
Spine; b.p.= basal pore; gl.= glossae; l.a.= lateral 


area; 1.p.= labial palpus; m.a.= medial area; 


=| 
W 
i 


medial setae; mt.= mentum; p.m.= prementum: 


48, 
w 
" 


pseudopores; r.p.= real pores). 


Figure 4. Generalized position and terms for macrosetae on 
the pronotum of adult Gyrophaenina (L = laterals; 


ML = mesolaterals; PM = paramedial: M = medials). 
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Figure 5. Terms for structures on the median lobe of the 
aedeagus. A) Generalized aleocharine median lobe. 
B) Generalized gyrophaenine median lobe. (a.p.= apical 
process; c.p.= compressor plate; d.cr.= distal crest; 
dv.m.= dorso-ventral muscles; ej.d.= ejaculatory duct; 
f.= flagellum; in.s.= internal sac; l.m.= longitudinal 
muscles; m.f.= medial foramen; p.c.= paramere condyles; 


p.cr.= proximal crest). 


Figure 6. Terms, for structures on parameres of the aedeagus 
of adult aleocharines discussed on this study. 
(con.= condylite; par.= paramerite; ap.1l.= apical lobe 


of paramerite; h.z.= hinge zone; v.s.= velar sac). 
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Figures 7-9. Illustrations of heads of adult Gyrophaenina. 
Fig. 7. Gyrophaena nana Payk., A) dorsal aspect, 
B) ventral aspect (i.c.= infraorbital carina). 
Fig. 8. Gyrophaena (Phaenogyra) gracilis Seev., 
dorsal aspect. Fig. 9. Gyrophaena sculptipennis 


Csy., A) dorsal aspect, B) ventral aspect 
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Figures 10-12. Illustrations of heads of adult 
Gyrophaenina. Fig. 10. Gyrophaena egena Csy., 
A) dorsal aspect, B) ventral aspect. Fig. 11. 
Gyrophaena antennalis Csy., A) dorsal aspect, 
B) ventral aspect. Fig. 12. Phanerota fasciata (Say), 


A) dorsal aspect, B) ventral aspect. 
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Figures 13-14. Illustrations of heads of adult 
Gyrophaenina. Fig. 13. Phanerota (Acanthophaena) 
insigniventris (Cam.), A) dorsal aspect, B) ventral 
aspect. Fig. 14. Eumicrota corruscula (Erichson), 


A) dorsal aspect, B) ventral aspect. 
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Figures 15-18. Illustrations of heads of adult 
Gyrophaenina. Fig. 15. Brachida exigua Heer., 
A) dorsal aspect, B) ventral aspect. FIG. aes 
Agaricochara laevicollis Kr., A) dorsal aspect, 
B) ventral aspect. Fig. 17. Sternotropa brevicornis 
Cam., ventral aspect. Fig. 18. Pseudol igota varians 


Cam., ventral aspect. 
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Figures 19-20. Illustrations of heads of adult 
Gyrophaenina. Fig. 19. Brachycara sp. (prob. 
B. crassa Sharp), A) dorsal aspect, B) ventral aspect. 
Fig. 20. Agaricomorpha apachaena (Seev.), A) dorsal 


aspect, B) ventral aspect. 


é 


0.1 mm 
eet 


20 


vr 


at 


- —— —,, 
rd 
Pa me 
er > 
i, { 
>, — 
h 
/ 
/ ' 
' 
; a : yt 
} 


= 
"“<. GS Cis ct 


: ~, ' 
tricks pivasade OF Bdult 
, ‘ , ——— . 
7, weg gr 
| A) dorgal gprect, a) veAret aspect.’ 


Oa apacheena (Seev,), A) dorsal” 


hycara 3 
.~ 


\ 


‘ 
Zi 


o> ~ 
if \ ue 


ly 


J , 
LL) SP 7s 


* / ‘ 


\ 
+ 
~ 


es oe 
unin 20° Serie dns Ao WStGite way lr: <>. 


<0 AYST BCEn Breeton -.1 ge pn ineasocouws 


5 ah 
» 


88 Spit HH? Sieghsd use ENGErqoTWo «gs lei 
PPGONG 25 jo/l.vs2 anietis cnemmoe 
i ih \ f i) ‘ > wa Hy. Wy 


tp i a Vitae ore a | | ae = 4 ' arma a 
ae a , 7 
rad SETI 


PMSA .o8 .or4 (neath ine? 


416 


Feaipid 


Figures 21-26. Illustrations of antennae of adult 
Gyrophaenina. Fig. 21. Gyrophaena nana Payk. 
Fig. 22. Gyrophaena sculptipennis Csy. Fig. 23. 
Gyrophaena vitrina Csy. Fig. 24. Gyrophaena 
antennalis Csy. Fig. 25. Phanerota dissimilis 


(Erichson). Fig. 26. Eumicrota corruscula (Erichson). 
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Figures 27-28. Illustrations of antennae of adult 
Gyrophaenina. Fig. 27. Probrachida undescr. sp. 


Fig. 28. Agaricomorpha apachaena (Seev.). 


Figures 29-31. Illustrations of labra of adult 
Gyrophaenina. Fig. 29. Gyrophaena affinis Sahlb. 
Fig. 30. Gyrophaena blackwelderi Seev. Pid .eote 


Gyrophaena frosti Seev. 
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Figures 32-36. Illustrations of labra of adult 
Gyrophaenina. Fig. 32. Gyrophaena antennalis Csy. 
Fig. 33. Phanerota fasciata (Say). Fig. 34. 
Phanerota dissimilis (Erichson). Fig. 35. Eumicrota 
corruscula (Erichson). Fig. 36. Encephalus americanus 


Seev. 
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Figures 37-41. Illustrations of labra of adult 
Gyrophaenina. Fig. 37. Probrachida modesta (Sharp). 
Fig. 38. Probrachida carinata (Sharp). Fig. 39. 
Probrachida sparsa (Sharp). Fig. 40. Probrachida 


geniculata (Sharp). Fig. 41. Probrachida undescr. sp. 
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Figures 42-46. Illustrations of labra of adult 
Gyrophaenina. Fig. 42. Brachida exigua Heer. 
Fig. 43. Brachida densiventris Bernh. Fig. 44. 
Brachida natalensis Bernh. Fig. 45. Brachida 


sublaevipennis Cam. Fig. 46. Brachida africana Bernh. 
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Figures 47-52. Illustrations of labra of adult 
Gyrophaenina. Fig. 47. Agaricochara laevicollis Kr. 
Fig. 48. Sternotropa brevicornis Cam. Fig. 49. 
Sternotropa flavicornis Cam. Fig. 50. Sternotropa 
apicalis Cam. Fig. 51. Pseudoligota varians Cam. 


Fig. 52. Pseudoligota affinis Cam. 
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Figures 53-55. Illustrations of labra of adult 
Gyrophaenina. Fig. 53. Adelarthra barbari Cam. 
Fig. 54. Brachycara sp. (prob. B. crassa Sharp). 


Fig. 55. Agaricomorpha apachaena (Seev.). 


Figures 56-57. Illustrations of mandibles of adult 
Gyrophaenina. Fig. 56. Gyrophaena vitrina Csvue 
right (b.s.= bifid structures, i.t.= internal tooth, 


m.a.= molar area). Fig. 57. Phanerota fasciata 
(Say), right. 
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Figures 58-61. Illustrations of mandibles of adult 
Gyrophaenina. Fig. 58. Phanerota (Acanthophaena) 
insigniventris (Cam.), right. Fig. 59. Eumicrota 
corruscula (Erichson), right. Fig. 60. Encephalus 
complicans Kirby, right. Fig. 61. Encephalus 


zealandicus Broun, right. 
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Figures 62-65. Illustrations of mandibles of adult 
Gyrophaenina. Fig. 62. Probrachida modesta (Sharp), 
left. Fig. 63. Probrachida geniculata (Sharp), left. 
Fig. 64. Probrachida undescr. SD.) Lefty, -Fid. ao. 


Brachida exigua Heer., left. 
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Figures 66-69. Illustrations of mandibles of adult 
Gyrophaenina. Fig. 66. Agaricochara laevicollis Kr., 
right. Fig. 67. Sternotropa brevicornis Cam., left. 
Fig. 68. Sternotropa flavicornis Can., rignt. 

Fig. 69. Sternotropa apicalis Cam., righe. 
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Figures 70-72. Illustrations of mandibles of adult 
Gyrophaenina. Fig. 70. Pseudoligota affinis Cam., 
right. Fig. 71. Brachycara sp. (prob. B. crassa 
Sharp), right. Fig. 72. Agaricomorpha apachaena 


(Seev.), right. 
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Figures 73-75. Illustrations of maxillae of adult 
Gyrophaenina. Fig. 73. Gyrophaena antennalis Csy. 
Fig. 74. Gyrophaena affinis Sahlb. Fig. 75. 


Phanerota fasciata (Say). 
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Figures 76-79. Illustrations of maxillae of adult 
Gyrophaenina. Fig. 76. Phanerota (Acanthophaena) 
insigniventris (Cam.) Fig. 77. Eumicrota corruscula 
(Erichson). Fig. 78. Encephalus complicans Kirby. 


Fig. 79. Encephalus americanus Seev. 
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Figures 80-83. Illustrations of maxillae of adult 
Gyrophaenina. Fig. 80. Encephalus zealandicus Broun. 
Fig. 81. Probrachida modest (Sharp). Fig. 82. 
Probrachida undescr. sp. Fig. 83. Probrachida Sparsa 


(Sharp), detail of galea and lacinia. 
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Figures 84-87. Illustrations of maxillae of adult 
Gyrophaenina. Fig. 84. Probrachida carinata (Sharp), 
detail of galea and lacinia. Fig. 85. Brachida exigua 
Heer., detail of lacinia. Fig. 86. BSrachida 
densiventris Bernh. Fig. 87. Brachida natalensis 


Bernh. 
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Figures 88-91. Illustrations of maxillae of adult 
Gyrophaenina. Fig. 88. Agaricochara laevicollis Kr. 
Fig. 89. Sternotropa brevicornis Cam. Fig. 90. 
Sternotropa apicalis Cam. Fig. 91. Sternotropa 


apicalis Cam., detail of lacinia. 
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Figures 92-95. Illustrations of maxillae of adult 


Gyrophaenina. Fig. 92. Pseudoligota affinis Cam. 


Fig. 93. Adelarthra barbari Cam. Fig. 94. Brachycara 


sp. (prob. B. crassa Sharp). Fig. 95. Agar icomorpha 


apachaena (Seev.). 
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Figures 96-97. Illustrations of maxillae of adult 


Bolitocharina. Fig. 96. Bolitochara Junulata Gyll. 


Fig. 97. .Venusa sp. 


é 


Figures 98-99. Illustrations of labia of adult 


Gyrophaenina. Fig. 98. Gyrophaena antenna]lis Csy. 


Fig. 99. Gyrophaena vitrina Csy. 
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Figures 100-104. Illustrations of labia of adult 
Gyrophaenina. Fig. 100. Phanerota fasciata (Say). 
Fig. 101. Phanerota (Acanthophaena) insigniventris 
(Cam.) Fig. 102. Eumicrota corruscula (Erichson). 
Fig. 103. Encephalus comp] icans Rirby. =Fig. erud: 


Encephalus zealandicus Broun. 
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Figures 105-109 Illustrations of labia of adult 
Gyrophaenina. Fig. 105. Probrachida modesta (Sharp). 
Fig. 106. Probrachida carinata (Sharp) se Pig.e07: 
Probrachida undescr. sp. Fig. 108. Brachida exigua 


Heer. Fig. 109. Brachida africana Bernh. 
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Figures 110-115 Illustrations of labia of adult 
Gyrophaenina. Fig. 110. Agaricochara laevicollis Kr. 
Fig. 111. Sternotropa brevicornis Cam. FAG. ties 
Sternotropa apicalis Cam. Fig. 113. Pseudo] igota 
varians Cam. Fig. 114. Adelarthra barbari Cam. 


Fig. 115. Neobrachida castanea Cam. 
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Figures 116-118. Tlldstrationssof lahiarofe adult 
Gyrophaenina. Fig. 116. Brachycara sp. (prob. 
B. crassa Sharp). Fig. 117. Agaricomorpha apachaena 


(Seev.). Fig. 118. Bolitochara lunulata Gyll. 


Figures 119-121. Illustrations of dorsal aspect of pronota 
of adult Gyrophaenina. Fig. 119. Gyrophaena nana 
Payk. Fig. 120. Gyrophaena antennalis Csy. Fig. fei 


Gyrophaena blackwelderi Seev. 
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Figures 122-125. Illustrations of of dorsal aspect of 
pronota of adult Gyrophaenina. Fig. 122. Gyrophaena 
hubbardi Seev. Fig. 123. Phanerota dissimilis 
(Erichson). Fig. 124. Eumicrota corruscula 


(Erichson). Fig. 125. Eumicrota socia (Erichson). 
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Figures 126-130. Illustrations of of dorsal aspect of 
pronota of adult Gyrophaenina. Fig. 126. Agar icochara 
faevicollisiKr.~ -Figee) 27) Sternotropa brevicornis 
Cam. Fig. 128. Pseudoligota varians Cam. Fig. 129. 
Brachycara sp. (prob. B. crassa Sharp). Figo pac 


Agaricomorpha apachaena (Seev.). 
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Figures 131-136. Illustrations of dorsal aspect of elytra 
of adult Gyrophaenina. Fig. 131. Gyrophaena nana 
Payk. Fig. 132. Phanerota dissimilis (Erichson). 
Fig. 133. Eumicrota corruscula (Erichson). Fig. 134. 
Encephalus zealandicus Broun. Fig. 135. Sternotropa 


elevata (EVE. ) 1. @hi gear Pseudol igota varians Cam. 
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Figures 137-140. Illustrations of wings of adult 
Gyrophaenina. Fig. 137. Gyrophaena nana Payk. 
Fig. 138. Phanerota fasciata (Saya eyo soe 
Eumicrota corruscula (Erichson). Fig. 140, 


Agaricomorpha apachaena (Seev.). 
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Figure 141. Illustration of wing of members of Venusa Sp. 


(subtribe Bolitocharina). 


Figures 142-146. Illustrations of prosterna of adult 
Gyrophaenina. Fig. 142. Gyrophaena affinis Sahlb. 
Fig. 143. Gyrophaena frosti Seev. Fig. 144. 
Phanerota fasciata (Say). Fig. 145. Eumicrota 
corruscula (Erichson). Fig. 146. Agar icochara 


laevicollis Kr. 
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Figures 147-148. Illustrations of prosterna of adult 
Gyrophaenina. Fig. 147. Sternotropa brevicornis Cam. 


Fig. 148. Agaricomorpha apachaena (Seev.). 


Figures 149-152. Illustrations of meso- and metasterna of 
adult Gyrophaenina. Fig. 149. Gyrophaena nana Payk. 
Fig. 150. Gyrophaena Dlackwelderi Seev. Fig. 151. 
Phanerota fasciata (Saye iF iqe 7520 Agar icochara 


laevicollis Kr. 
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Figures 153-155. Illustrations of meso- and metasterna of 
adult Gyrophaenina. Fig. 153. Sternotropa brevicornis 
Cam. Fig. 154. Pseudoligota varians Can. Fig. too 


Agaricomorpha apachaena (Seev.). 
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Figures 156-160. "illustrations of setal pattern on 
metepisternum and metepimeron of adult Gyrophaenina. 
(Small arrows indicate anterior and dorsal 
directions.) Rigi 46,. Gyrophaena vitrina Csy. 

Fig. 157. Encephalus americanus Seev. Fig. 158, 
Brachida exigua Heer. Fig. 159. Pseudoligota varians 


Cam. Fig: 160. Agar icomorpha undescr. sp. 


Figure 161. Phanerota dissimilis (Erichson), hind tarsus. 
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Figures 162-167 Illustrations of tergum 10 of adult 
Gyrophaenina. Fig. 162. Gyrophaena antennal is Csy. 
Fig. 163. Gyrophaena blackwelderi Seev. Fig. 164. 
Phanerota fasciata (Say). Fig. 161. Phanerota 
dissimilis (Erichson). Fig. 166. Eumicrota corruscula 


(Erichson). Fig. 167. Encephalus zealandicus Broun. 
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Figures 168-171 Illustrations of tergum 10 of adult 
Gyrophaenina. Fig. 168. Probrachida geniculata 
(Sharp): | Fig. 169. Agar icochara laevicollis kr. 
Fig. 170. Sternotropa brevicornis Cam =F ide stan. 


Sternotropa flavicornis Cam. 
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Figures 172-175 Illustrations of tergum 10 of adult 
Gyrophaenina. Fig. 172. Pseudol igota varians Cam. 
Fig. 173. Pseudoligota affinis Cam. EL Geo hea 
Brachycara sp. (prob. B. crassa Sharp). Fig. 175. 


Agar icomorpha apachaena (Seev.). 
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Figures 176+183. Illustrations of Spermathecae of adult 
female Gyrophaenina. Fig. 176. Gyrophaena nana Payk. 
Fig. 177. Gyrophaena blackwelderi Seev.. GF id sens 
Gyrophaena frosti Seev. Fig. .179. Phanerota fasciata 
(Say). Fig. 180. Phanerota (Acanthophaena) 
insigniventris (Cam. ) Fig. 181. Eumicrota corruscula 
(Erichson). Fig. 182. Encephalus comp] icans Kirby. 


Fig. 183. Encephalus zealandicus Broun. 
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Figures 184-190. Illustrations of Spermathecae of adult 
female Gyrophaenina. Fig. 184, Probrachida 
undescr. sp. Fig. 185. Brachida exigua Heer. 
Fig. 186. Agaricochara laevicollis kr. Fige sfc. 
Sternotropa brevicornis Cam. Fig. 188. Pseudoligota 
varians Cam. Fig. 189. Brachycara Sp. (prob. 
B. crassa Sharp). Fig. 190. Agar icomorpha apachaena 


(Seev.). 


Figure 191. Bolitochara lJunulata Gyll., spermatheca. 
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Figures 192-196. Illustrations of median lobe of aedeagus 
of adult male Gyrophaenina. Fig. 192. Gyrophaena nana 
Payk. Fig. 193. Gyrophaena antennal is Csy. “Figavise 
Gyrophaena affinis Sahlb. Fig. 195. Phanerota 
dissimilis (frichson). Fig. 196. Phanerota 


(Acanthophaena) insigniventris (Cam. ) 
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Figures 1797-202.) Tllustratipns ot median lobe of aedeagus 
of adult male Gyrophaenina. Fig. 197. Eumicrota 
corruscula (Erichson). Fig. 198. Eumicrota 
undescr. sp. Fig. 199, Encephalus comp] icans Kirby. 
Fig. 200. Encephalus americanus Seev. Fig. 201. 
Encephalus zealandicus Broun. Fig. 202. Probrachida 


modesta (Sharp). — 
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Figures 203-208. Illustrations of median lobe of aedeagus 
of adult male Gyrophaenina. Fig. 203. Probrachida 
reyi (Sharp). Fig. 204. Brachida exigua Heer. 

Fig. 205. Brachida africana Bernh. Fig. 206, 
Brachida sublaevipennis Cam. Fig. 207. Agaricochara 


laevicollis Kr. Fig. 208. Sternotropa nigra Cam. 


é 


491 


“* 


—. o 
femolioitegilt .1fs-802 esaperd 
ay, s od Sad cd 


BES op) 4 en iam ilubs 26 
A 226 = - 


slaev S100) CA yoo “ sia .tlive — 


CQ 


: ar : Pa ‘ a ; ; 
of i - 6) £191 %2 & jog! ‘seer 
eS oe aay, 


210% 


Figures 209-211. Illustrations of median lobe of aedeagus 
of adult male Gyrophaenina. Fig. 205; Sternotropa 
elevarta (Fvil).) Pique). Pseudo] igota varians Cam., 
A) lateral aspect, B) dorsal ASDECt aria ye oe 


Pseudoligota affinis Cam. 
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Figures, 212-215. Illustrations of median lobe of aedeagus 
of adult male Gyrophaenina. Fig. 212. Adelarthra 
barbari Cam. Fig. 213. Brachycara brevicornis Sharp. 
Fig e244. Agar icomorpha apachaena (Seev.). Fig. 215. 
Agaricomorpha undescr. sp., A) lateral aspect, 


B) dorsal aspect. 
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Figures 216-219, Illustrations of Parameres of aedeagi of 


adult male Gyrophaenina. Fig. 216. Gyrophaena nana 


Payk. Fig. 217. Gyrophaena frost j SCGV at LQ ea ae 


Phanerota dissimilis (Erichson). Fig. 219. Eumicrota 


corruscula (Erichson). 
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Figures 220-223. Illustrations of parameres of aedeagi of 
adult male Gyrophaenina. Fig. 220. Encephalus 
complicans Kirby. Fig. 221. Encephalus americanus 
Seev. Fig. 222. Probrachida modesta (Sharp). 


Fig. 223. Probrachida rey? (Sharp), 
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Figures 224-227, Illustrations of parameres of aedeagi of 
adult male Gyrophaenina. Fig. 224. Probrachida Sparsa 
(Sharp). Fig. 225. Brachida exigua Heer. Fig. 226. 


Agaricochara laevicollis Kr. Fig. 227. Sternotropa 


nigra Cam. 
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Figures 228-230, Illustrations of Parameres of aedeagi of 


adult male Gyrophaenina. RiGy eee oe Sternotropa 


€levata (Fvl.). Fig. 229, Pseudol igota affinis cam. 


Fig. 230. Adelarthra barbari Cam, 
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Figure 231. Adelarthra Dbarbari Cam., dorsal aspect of body. 


(Scale line = 0.3mm). 
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Figure 232, Brachycara sp.; larva, instar 3; apical aspect 


of tergum 8 showing brush-like setae. 
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Figures 233-238. SEM micrographs of maxillae of adult 
Gyrophaenina and Bolitocharina. Fig. 233. Gyrophaena 
nana Payk., right maxilla, apex of galea and lacinia. 
Fig. 234. Gyrophaena gilvicollis Csy., Tight maxilla, 
apex of galea and lacinia. Fig. 235. Eumicrota 
corruscula (Erichson), right maxilla, apex of galea and 


lacinia. Fig. 236. Agaricomorpha apachaena (Seev.), 


left maxilla, apex of galea and lacinia. FAQ Miecne 
Brachycara sp. (prob. B. crassa Sharp), maxillae, apex of galea 
and lacinia. Fig. 238. Bolitochara lunulata Gyllw 


left maxilla, apex of galea and lacinia. 
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Figure 239. Bolitochara lunulata Gyll., adult, apex of 


galea. SEM micrgraph. 


Figures 240-244, SEM micrographs of structures of larval 
(instar 3) Gyrophaenina. Fig. 240. Gyrophaena nana 
Payk., maxilla, apex of mala. Fig. 241. Gyrophaena 
nana Payk., maxilla, outer apical aspect of mala 
Showing leaf-like scale. Fig. 242. Agaricomorpha 
apachaena (Seev.), left maxilla, apex of mala. 

Fig. 243. Brachycara sp. (prob. B. crassa Sharp), right 
maxilla, apex of mala. Fig. 244. Agaricomorpha 
apachaena (Seev.), apical aspect of tergum 8 showing 


brush-like seta. 
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Figures 245-249, SEM micrographs of metepisterna and 


metepimera of adult Gyrophaenina. Fig. 245. 


Gyrophaena nana Payk. Fig. 246. Gyrophaena 


Giivicollis Csy.> wig, 2472 Eumicrota corruscula 
(Erichson). Fig. 248. Agar icomorpha apachaena 


(Seev.). Fig. 249, Brachycara sp. (prob. B. crassa Sharp). 


Figure 250. Brachycara sp. (prob. B. crassa Sharp), adult, 


ventral aspect, mesosternum and metasternum. 


RN 
~ 


We) 


rs —_- = f Who > 
0° YL 


Sil 2 


~ > 
=e 
. 
7 
8 
— 
® 
ty 
5 
‘ 
. 
* 
“ 


‘9 i. * 
—e a a» 
Ss -_ Wo . 
7 / 
7 
7 
. 
| 
— 
me 
I = 
j 
) 
an = 
ete : 
¢ Me . * : j = 
vie a 7 ’ * 
i 
ie 


> 
¥) 7 au 


: a 
» oF 


>. 


~ 
_ 
uy 
eA 
@ on % JTC 
ye A 
hoa. ee - 
a e 
’ 
atzA 


Weeagoty 


m 
~, 
“i 
. "a 
~~. 
> 
rr 
- 
2» - 


i 


Tg 


ro 


e * 


1 


Ne ae 9, 


. ie 7 ; - 
) i, ew bd y 
By | fOGwI 90 sgt RRA es beedanauae 


ef 
« 


4 


kivedtoqyH .12S esugem 


am @ + I . 
24 £108 


2ecriyiaue 


Figure 251. Hypothesized cladistic relationships between 


Subtribes Bolitocharina and Gyrophaenina. 
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Figure 252. Hypothesized cladistic relationships among 


Probrachida, Brachida and all other Gyrophaenina, 


Hypothesis I, 
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Figure 253. Hypothesized cladistic relationships among 


Probrachida, Brachida and all other Gyrophaenina, 
Hypothesis II, | 
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Figure 254. Hypothesized cladistic relationships between 


"Sternotropa" and "Gyrophaena" lineages. 
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Figure 255, Hypothesized cladistic relationships among 


members of the "Sternotropa” lineage. 
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Figure 256. Possible cladistic relationships of 


Adelarthra Cam. a) Hypothesis I, B) Hypothesis II, 


C) Hypothesis III, 
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Figure 257. Possible cladistic relationships of 


Neobrachida Cam. 
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Figure 258. Hypothesized cladistic relationships among 


members of the "Gyrophaena" lineage. 
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Figure 259. Hypothesized cladistic relationships of 
Agaricochara Kr., if hypothesized to be a member of the 


"Gyrophaena" lineage. 
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Figure 260. Summary of hypothesized cladistic relationships 


among genera of the Gyrophaenina. 


(Neobrachida and Encephalus not included, ) 
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Figure 261. Transformation series in maxillary structure 


among members of subtribe Bolitocharina and 


Gyrophaenina. 
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Figure 262. Maxillary forms among members of subtribes 


Bolitocharina and Gyrophaenina Superimposed on a 


Simplified Cladogram. 
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Figure 263. Schematic diagram illustrating how differences 
in available mushroom flora might overlap different 
parts of the "acceptability spectrum" of members of a 


gyrophaenine species. 
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